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1. SPACECRAFT CONFIGURATION

1.1 Spacecraft and Instrument Support

1.1.1 Inst;ument Section Requiremente

The structure subsystem shall provide the mounting and support for the instru-
ment compliments, Instrument Mission Peculiar modules, antennas ﬁnd’solar aYrays
for the FOS missions shown in Table 1,1.1-1. The instrument section structure shall
meet the design requiremenfs apecified in Paragraph 1.1.1.3.

1.1.1.1 Spacecraft Requirements

" The structure subsystem shall provide for:
o - Common core structure for EOS missions A, A', Band C
o (3) 8/s equipment'médules (EPS, ACS and Communications &
Data Handling Modu;es)
- Resupply capability
o Orbit adjust/RCS/orbit transfer systems as reqhired
- AResupply capability
o Mounting provieions to mate ﬁiﬁh‘a Delte
2910 or Titan TII B launch veﬁiéle
o Shuttle leunch and.retrigval
o Provisions for reéupply of insfruments and mission_peculiﬁrs
o Design fequirementﬁ.gpecifigd'in Paragraph 1,1.1.3.

1.1.1.3 Design Regquiremeints

1,1.2.3.1 Spacecraft Structure

1.1.1.3.1.1 Structural Rigidity

~To avoid dynamic coupling between the low frequency launch vehicle and
spacecraft modes, the launch vehicle contractors have recommended the minimum
frequency criteria given in Table 1,1,1-2. These imposed criteris are for the

spacecraft constrained at the Spacecraft/Launch Vehicle interface.

1.1.1-1
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TARLE 1.1.1-1

INSTRUMENT SECTION REQUIREMENTS

EOS SPACECRAFT TNSTRUMENT J SOLAR | LAUNCH
. MISSION PAYLOAD MISSION PECULIARS ANTENTNAS ARRAY VEHICLE
A ER ﬁs (1) ;ﬁcﬁrgzergeduigeh (1) X-Band Steerable 155 Sq. Ft Delta 2910
(1) 1& x 36 x 36 inch (1) X-Band Shaped Beam 516 Wattd
DCS TMP Module
Al (1) wMss
(1) HRPI Same as A Same as A Same as A Delta 2910
oS
B (1) ™ (1) 22 x 30 x 36 inch
(1} HRPIL Recorder Module Same as A S A Delta 3010
CS (1) 1% x 36 x 36 ineh & ame as 2 39
IMP Module
¢ 52% o 230 Ft itan III B
1) HRPI Sg. Ft. Titan III
(1) sar Same as B Same as A —3——%—-—7 Watts ‘
DCs




TABLE 1.1.1-2 MINIMUM FREQUENCY CRITERIA

Mlnlmum Frequency, Hz . -
LATNCH VEHICLE
Longitudinal Latersal Reference
Delta - 35 15 o
Titan III B/NUS 20 10 2
" Shuttle . N.D. N.D.

'N.D. = Not defined

‘1.1.1.3.1;2 LO&dIFactng

_The load factors (limitAapd ultimate) specified by the Launch Vehicle contiactor
are given in Tables 1.1.1-3,- b ande5 for Delts, Titan ITT B/NUS.and Shuttle res-
pectively. Pigure 1.1.1-1 shows the Spacecraft coordinste system slegn convention.

These load factors were obtained from References 1 to 3.

1.1.1.3.2 Subsystem Module Structure

©1,1.1.3.2.1 Structural Rigidity

Reference s specifies that the first latergl and vertical hatural frequencies
of a fully loaded module, constrained at the four corners, shall be greater than
60 . ‘

1.1.1.3.2.2 Steady-state Acceleraiion

‘ Reference 4 spec1f1eq that the module structure shall be designed for a -
'maximum steady-state accelergtion of 25 g 1ongitudinal and 15 g latersl.
 BEFERENCES | |
1. Delta Spacecraft Design Restraints, McDomnell Douglas
Document m¢-61687, dated November 1973. 1In addition,
MeDonnell Douglas letter A3-110MJS-7h-58, Mr. M. J.

Schmitt to Mr. J. Marino, dated 31 May 197h.
' 1.1.1-3
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Table 1.1.1-3 Load Factors Delta 2910 and Weight Constrained TITAN TITB'

T T T

LIMIT LOAD FACTORS ULTIMATE LOAD FACTORS (1)
CONDITION LONGITUDINAL LATERAL LONGITUDINAL TATERAL
X Yor 2 X Yor Z
LIFT"‘OFF +2:;9 2\0 "'}4035 300
"leo “105
MAIN ENGINE CUTOFF +12.3 0.65 +18.45 1.0

Table 1.1.1-4 Load Factors TITAK IIIB/NUS

LIMIT LOAD FACTORS ULTIMATE LOAD FACTORS (1)
CONDITION LONGITUDINAL LATERAL LONGTTUDINAL LATERAL
X Xor 2 X Yor Z
2.0 +3.4 .0
LIFT-OFF 2.3 3.%5 3
-0.8 1.2
STAGE I SHUTDOWN (depletion) +8.2 1.5 +12.3 2.25
"'295 “30?5
+10,8 ) _ -
STAGE T SHUFDOWN (cormand) Py 1.5 +%g g 2.25

NOTES: 1. Limit load factor times 1.5

2, Load factor csrries the sign of the externally aspplied load.

3. TIncludes both steady state and dynamic conditions.,
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TABLE 1.1.1-5 PAYLOAD BAY LOAD FACTORS SHUTTLE ()

LIMIT LOAD FACTORS

ULTIMATE LOAD FACTORS (1)

CONDITION pIRECTION (2) DIRECTION (2)
' X ¥ A X Y Z
+1.7 + 0.6 +0.3 +0.8 +2.55 + 0.9| +0.h5 +1.2
+1,9 +0.2 -0.2 +2.85 +0.3 -0.3
HIGH @ BOGST - ""0.7 +0,75
+3,0 + 0.3 +0,2 +0.4 .5 + 0.45] +0.3 +0.6
BOOSTER END EBURN = - = =
+3.0 + 0, 40,2 +0, .5 + 0.4 +0, +0,
ORBITER END BURN 3.020.3 - > >t - 3 £
~ +0,2 0.1 +0.1 +0.3 40.15 #0.15
SPACE OPERATIONS -0.1 - -0.15
#0.25 0.5 =3.0 +0.38 +0.75 4.5
ENTRY +1.0 "'7 +1_5
L +0.2 +). 2. +0.38 +0, -3.
SUBSONIC MANEUVERTNG .25 - 5 +1°g 3 20415 ,,i.?
+1.5 +], -2, +2,2 +2.2 ~3.75
LANDING AWD BRAKING - - > 2 - ? - ? 3
CRASH (5) o —= — —_ 2.5 | 23 a5
: : , S 41,5 42,0
NOTES : 1. Limit load factor times 1.5 except for crash,
2., Positive X, Y, Z direction equal forward, right and down.
3.  These factors include dynamic transient load factors.
4, These factors do not include dynamic response of the payload.
5. <Crash load factors are ultimate and only used to design local payload support

 fittings and attachments,

The specified load factors shall apply separately.




LAUICE -7

DIRZITION %
- ROLL
\ YA

Fig. 1.1-1 Spacecraft Coordinate System
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2. Titan Candldate Leunch Vehicles for EOS Missions at WIR,
Martin Marietta Document LV-122-73, dated October 1973.
Telecon wlth Martin Mariétta persomnel revised some dats,

contained in the referenced document.

3. Space Shuttle System Payload Accommodations, Lyndon B.
Johnson Spane Center Document, JSC 07700, Volume DIV,'

Revision B, dated 21 December 1973.

-4, Performance Specification for Spacecraft Subsystems,
‘Goddard Space Flight Center, Document E0S-410-04, dated

14 September 1973.

1 1.1.4 Basic Spacecratt

1.1.1.4. l The GAC Basic Spacecraft described by Figure 1.1.1-2 consists of a
fully insulated S8 inch long trisngular shaped core structure formed by 3 verticsl
sﬁear wébs, snd upper and lowef bulkheads, end extending from the webs are_six&

' fertical trussed panels which provides the support for three 4Bx48x18 inch sub-
‘system equipment modules. Eabh module is supported at three points ﬁs shown in
Figure 1.1.1-3. In this érrangement, primery structural loads are not induced iﬁ
the $/8 equirment modules but are carried from the launch adaptér hard points
through the six rigid vertical trussed panels to the instrument.sppport Structute.
This arrangement makes the subsystém modules readily removgble for in fllght or
ground resupply at no 51gn1flcant design or cost impact. A 8/C that 1n1t1a11y is
built to provide for fixed mounted S/S modules could easily be converted to a
Shuttlerresupply éonfiguration with the addition of the resupply mechanisms
described in Paragraph J-.:t..l.? égé.in with insignificant cost and _wgight impé.’ct.
An orbit adjust/RCS module is attached to the lower bulkhead and the mission

peculiar instrument support structure mount s to the upper bulkhesd of the space-

_ eraft.

11T
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ACS MODULE —

STIFFENED WEB
CORE STRUCTURE

COMMRDATA HANDLING

- MODULE
UPPER BULK HEAD--—\ n 7

EPS MODULE

\— LOWER BULKHEAD

~ORBIT ADJUST/RCS MODULE

Fig. 1.1.1-2 Grumman Delta Basic Spacecraft






1.3.1.4.2 Selected S/C/LV Adapter

This §/C configuration fits within the allowable 86 inch diameter
peyload envelope of the Delta launch vehicle and is mounted on the launch vehicle
by means of a comventional type adapter. The adapter shown in Figurel .1.1-k is
a conical structure gpproximstely 2L inches high.85 inches in diameter at the S/b
lower bulkhead interface and 60 inches in diameter at the booster interface, &ix

(6) pyro technically actuated bolts attach the §/C to the adapter. Separation of
this interface is accbmplished by means of six (6) push off springs mounted in the

adapter with matirg pads located on the S/C structure.
1.1.1.4.2.1 "Adapter Trade Study
The bottom mount adspter was selected for several reasons, the most signifi-

cant of which is ease of separation of the S/C from the launch vehicle adapter.
The separation is performed in an unobstructed volume with an inexpensive, light-
weight, proven separation system, Tablel .l.1-6 summarizes the results of an
investigation into 8/C mounting methods, base mounting at this lower S/C bulkhead
ve transition ring mcunting et the upper bulkhead level. It concludes that the
base mounted structure is stiffer due to a more direct load pasth and that it is
lighter oversll than the transition ring mount.

The GSFC Baseline Adepter which was described in reference documents as
cccupying the space between the launch vehicle payload fairing and the subsystem
modules snd their support structure posed three design problems. First, the
accommodation of the triangular arrangement of three 48xh8x18 inch subsystem module
requires an 85 inch diameier cylindrical envelope, This configuration must fit
within the maximum 86 incn diameter specified as the maximm allowable S/C static
diemeter in the 96 inch Delta Falring. Clearly this % inch clearance all around
is insufficient to contsin an adequate adapter from the L/V to the s/C forward
bulkhead. Second, if a wraparound adapter was made possible by decreasing the
width and/or thickness of the modules, the more than 59 inch withdrawsl distance

renders extraction diffieult. Lengthy and complex guide rails, rollers and/or

1.1.1-10
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1.

Table 1.1.1-6 Trade Study‘Spaéecraf%/Launch Vehicle Mounting

PROBLEM: For delta preferred, is there a weight difference between base mount & transition ring mount
for §/C structure?

PL supported on six
hard points always

F.L. supported on
vertical beams forme:
ing the triangle
or
transition ring
P.L. support

TRANSITION RING MOUNT

Most direct load path, loads carried
in vertical truss members which
splice into adapter longerons

Load Path: Load carried into shear
web by stiffener, transferred by
shear of web to vertical truss and
then into adapter longeron

Direct load path but adapter may require local
reinforcement if transition ring is not stiff
enough to redistribute lecad

(a)

(o)

(e)

load path is the same if inst support only on
vert beam. :

if P. L. supported on trarnsition ring nct at

hard points, then transition ring must be stiff
enough to redistribute load without locally overload=
ing adapter/fairing.

If case (b) above is always true, i.e. P.L.s
always supported at any point on the transition
ring, then ring must be designed for all worse
case loadings. While S/C wgt. is possibly
invariant with P.L. arrangement, there will be a
weight penalty for all lsunches or new rings
required for mission peculiar P.L.s.

CONCLUSION: Based on present information the base mounted delta preferred has the more direct load path system

and, therefore, is stiffer.

Additional studies are required.

The transition ring mount system may be heavier.



skid ways would be mandatory. Reliance oﬁ such systems could result in a moderate
weight penalty. Third, an Orbit Adjust System attached below the subsystem module
support structure is recuired which will add a minimm of 24 inches more spacecraft
structure to be extracted from this rather "tight" container. Figure 1.1.1-5
i1lustrates the Baseline Concept and the design solutlons cousidefed by Grumman

as described in the ensﬁing text.

Three solutions to the‘problem were cansidered and are listed below in decreasing
order of complexity and weiéht. First, a structural modification of the Delta 96
inch payload fairing could perform the adapter function, picking up the 3/C at the
extremeties of the Spacecraft upper bulkhead. Such modification is heavy, éostly
an& requires expensive féiring redesign and requalificatioﬁ 'Such a system cir~
cumvents the Delta desi gn load path thru the second stage, requires fairing jettlson
methodology'dnd timing changes, and presupposes that the first stage exterior ‘
structure can adept economically to a modified load pattern.

Second, varying the previcus approach s separate conical stiffened sheet
metal structure is atteched to the L/V outer shell in the vicinity of the.fairing
seﬁaration plane, Deltsa Statioﬁ 697.4, and to a separgtion systemloh the lower
_ rather than the upper Spacecraft bulkhead similar %o the Titan prqposal coneept. .
However, this design was ohly'briefly considered becsuse of its weight, its length,
and consequently its potenfial lateral flexibility, and becsuse if too ignores
the desigﬁated load path.thrbugh the structure provided at the upper end of the
second stage.’ )

The third and selecT ed configuration was chosen because it picks up the
existing bolt pattern at thé top of the second stage guidance compartment as
specified for existing adapters, i.e., the Delta Silk sttach Fitting assembly.

Tts geometry is an invertedrcone'within which fhe Orbit adﬁsi;npdﬁle fits and
can be easiiy extracted. I* utilized the shortest load ﬁath,.is the lightest,

95 1bs., and does not require'any structural or operational changes in the standard

1.1.1-13



HI-T'T'T

g Epya TYNIOTHO

;

Cggp peye

1 He stg 80

‘l"’\f_—t'_l\l_” | | 1 |'J\f_"_!"!5€ﬁ peame ﬂ!_f\/_—f\!‘_."g : ﬂ‘j\/”l_/\l_“"’“
|

]
— RS = Ml = e
' /ﬂ""_“'"lﬁ‘ | 5 522 r00 ! 5l— | “E\ I Lfyy Sra féﬁ-‘?l F 5‘ _1:: X r:' l}— 1; !
TP T
|I 1! Ao ren " ‘| l :; 'i Ny " :' ‘i\‘ 'i_ :: . :
\ I ! I £ ; i . P e ) « R .
:! \uL_ﬁ_—_- ___“_-‘ L\L_,::--__ﬁ/ ] ﬁ\" ""T__"J!V ..gﬁfiﬁ?‘; I'd L"'““‘\l' j/—-J[L‘;yiﬂ}::(:
." B T ; | R (= ' . .-'; ¢ .
bt (Nl Gt | N\ [ g
ﬁr‘“‘r"'1f :d5254 “ff;:t;:fnl ol ! e —t—- l ' i T 8 &
T w1 #7722 200 | B s g | L R g e B NI | B g \_i,f )
) » , - N 1 'f h‘ 1) ’, ~ i : ﬁﬁﬁf
N N SR BRI
' i | | ) \ ‘.. L
vt i : . ' ' i ofera
R R R O A 024 | } s | | L4 ”E"%ﬁé Ll.\ .- | atep
74 6974 st L0 d 574,697, -
| ‘ ' !
. , - P ~ =
BASELNE ConCF T Covecry */ Gowerr7 T2 . Creicerr ~ 3 .
e Lrceo s | | MIG)FIB S r's - Te B#E w17 S BRAIE oo
T A Brderen T r7sa) Jome sl #teg B4l JECrH SFeensd 17755 ¢

ﬁf(gf;?’ﬂ i s i . I

Fig. 1.1.1-5 Spacecraft/Taunch Vehicle - Mounting



96 inch dismeter Delta paylosd falring. The configuration shown in Figure D.1.1-
rdescribes a 24 inch high sheet metél inverted cone capped tép and bottom by shaped,
extruded or machined ring frames and stiffened by 3/h x 3/4 angles attached at 8
inch intervals to the interior surfece of the cone. At the six points corresponding
t0 the spacecraft mounting fittings the angle stiffeners are replaced by 2 x 1%
inch channels which also hougé push off épring assemblies, These channel aSSemblieS
also stiffen the upper c&p ring fitting locally end aid in transitioning the six
coﬁcgntrated loads at the top of the adapter assembly to the uniformly distributed
loading in the bottom ring fitting.

- The upper ring fitting is designed for containable pyrotechnic bolt or nut
tie down and separation. The upper ring fitting can be alternétely designed
for a retainable pyrotechnically released clamp arrangement engaging the six
spacecraft‘mﬁunting fittings. In either case, the iower ring fitting interfaces

'the Delts L/V at an existing bolt circle at the upper end of the second stage;

1.1.1.4.2.2 TITAK Applic.étion of Selected Bottom Mount

When iaunghéd hy a Tiﬁan:III booster the spacecraft adapter retains itg
Aconic gtiffened sheet charééter but grows considerably in.leﬁgth and diameter
and encloses the spacecraft and the Orbit Adjust/Orbit Trensfer Module. ﬁue to
the length increase, horizontal ring stiffeners at a 7 inch spacing augment the
vertical éngle étiffeners iﬁ stabilizing the sheet paneiling. The férward rihg
fitting is designeﬁ as_t;é lower séctioﬁ of a clamp type separation sttem at
the spacecraft upper bulkhead  At this height the Tifan-Payioad Fairing internal
clearance envelope is approxlmately 109 1nches in dismeter and the adapter and
separation system can arnroach this as a limiting dlmen51on. Since the trlangular
module arrangement does not excede 85 inches in dlameter, and the OA/OT nodule
is no more than 60 inches in dlameter no 1nterference with the adapter is ant101faxed :
during spacecraft seﬁaration. The aft ring fitting interfaces with & 214.0 inech diameter

bolt cirele on an existing adapter support structure proposed by the launch

1.1,1-15



vehicle contractor as shown in Figure 1L.1.1-6. Note that the payload fairing is
virtuslly unaffected by modification of the existing adapter support structure
ﬁhich consists of a new sdapter support ring and integration of eighteen new
identical sdapter support fittings in the 10 inches immediately forward of the
standsrd Titan interface at station 220.15. A minor change, the addition of an
internal circumferential ring stiffenef on the lower half of the Super Zip
seperation fitting, is the single modification to the existing P-123 Payload
Fairing System normally supplied by'LMSC.

This adepter concept is identical to the GSFC baseline system except that
the reduced diesmeter of the triangular spacecra%t configuration makes thé upper
btulkhesd ring mounting pracﬁical, The square, four module spacecraft configuration
ig difficult if not impossible to contain within a separate S/C to L/V adspter
without violating the fairing internal clearance envelope. Certainly the cost
of modifying and requalifying the payload fairing to perform the adaptstion
would he considerable. However, in the event this approsch was permissible,
the added weight and cost of guides, rails, vrollers, and/or skids required to
insure spacecraft withdvawal makes the method highly unattractive. No weight

or cost penalties have as yet been estimgted but they are thought to be gignificant.

1.1.1.k.2.3 Spacecraft/Shuttle Mounting

The Space Shutitle lsunch (and retrieval) of the EOS also reguires a modified
clamp type sepsration mechanism st the spacecraft upper bulkhegd. This support
configuration is compatible with the Flight Service System (FSS) suggested by
both the shutile contractor and the SPAR/DSMA des{gners of the Special
Purpose Manipulator System. The basic difference between the GAC concept and the
GSFC baseline transition ring assembly is support of the six discrete mount fittings
of the triangular spacecraft configurstion rather than on the continuous ring

system.

1.1.1-16
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Elimination of the continuous mounting ring results in a spacecraft weight

savings of 75 1lbs as well as a simplification of the Flight Support. System.

1.1.1.4.3 Payload Felrings

The 86 inch diameter dynamic envelope in the cylindrical section and the 6
inch radial elesrance in thg forward conic section of the sgtandard 96 inch
Delta Payload Fairing orovides ample volume for the early ECS Instrument Payloads.
The pyrotechnic falring separation deﬁices, being self contgined, pose no shock
or conbamingtion threat to either Instrument or Subsystem components. The adapter
chosen for the Delts compatible spacecraft does not in any way interfacerwith the
payload fgiring. Therefore, no modification of elther structure or operstional
function fram the nominal 96 inch dismeter, 1200 1b, falring febricated for current
Delta Launch Vehicle shown in Figure 1.1.1-6A 1s anticipated. This payload fairing
is capable of shrouding each of the EOS A, EOS A' and EOS B configurations shown
in Figures 1.1.1-15-16 and 17.

As payload sizes and weights increase beyond the Delts cgpabllity, particularly
as regards the synthetic gperture radar of Mission €, the Tiros 0 of Mission E,
and the SEOS and SEASAT-A  instruments of the follow-on missions, the increased
height and volume availaﬁle iﬁ the 120 inch diameter LMSC P-123 Pgylomd Falring
becomes mandstory. Figure 1.1.1-6B illustrates the fairing required for the
Grumman configuration of EQOS Mission C. It consits of segments A,B,C,D and G
mounted on a standardized 19 inch long Payload Adapter Support Section which
locates the payload adspter interface 10 inches forward of Titan Sta. 220.15.
An elghteen point bolted interface is postulated based on 0.500 inch diameter holes
equi-spaced on a 114 inch 5olt circle previously presented in Figure 1.1.1-6 at

this level.
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The internal dynamic emvelope of the F123 fairing is 109.2 inches diameter
1mmedzate1y forward of the PayIOad Adapter Interface, Thls digmeter decreases
" at the approximate rate of .00k inches per inch of eylindricel height up to a |
point 409.0 inches sbove the interface. Above this height the envelope dilameter
decreases to 100,0 inches at approximgtely 575 inches above the payload adapter
ipterface with a 10.0 inch radisl clesrance requisite in the conic section
s the fairing épproaches its maximam heighﬁ potential of 70L.5 inches oversll.
The separable weight of the Mission C fﬁiring is 2492 1bs and thg'non-separable
weight is estimated at approximstely 300 1bs. The weight of the maximum height
(704,5 inches} fairing is estlmated at approx1mately 3600 lbs. total as a limiting
value. The EOS Mission C as configured in Figure 1.1,1-18 is fully compatible
iwith the previously described P-123 fairing configuration (segments A, B, C, D
and G) which weighs 2600 1bs overall.

1.1.1.5 Delts 8/C Core Structure

The S/C core structure is presented 1n Figure 1.1.1-7. The primary structure
consists of three 52 x 58 inch long stiffened sheet metal shear panels mechanically
Joined along their sides to form g rigid triangular cross sectlon. Gussetted,
trussed'ﬁulkheads at tﬁe_iﬁstrument support structure and\adapter‘interf&ces,
plus 6 vertical 17 x 50 inch trussed panels between the core and the s/c mﬁunting
pickups, complete the structufal assembly. The weight of this structure is .
estimated at_1006 : 186 1bs. |

The upper trussed bulkhead is framed w1th 1% square aluminum arloy extruded
tubing gussetted at the joints. The frame is joined to 3 corner posts and six
outriggered vertical penels at the external shuttle/spgcecraft support points.

Its internal members attabh to and form the cap memﬁers for the three coré Shear
webs. The outer diagonélly braced 20 x 42 inch square tubed panels provide the
upper, primarily vertical,support for the s/s modul.es, This arrangement provides
3 inboard and 6 outboard hardpoints for instrument section strucfure base support.

C 711,121
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Inaddition, the deep sections between the three interior posts are capable of
beaming intermediste instrnment loads laterally to the vertically stiff end
posts. When mated with the core webs, lower bulkhesd and the six vertical
panels, the frame has the capability to either unlosd vertically to the Shuttle -
interface mechanism of the Flight Support System (FSS) at this 1eve1 or to
transfer instrument aud subsystem module londs to a six point interface with a
Delts Launch vehicle adapter, at the aft bulkheadr58 inches below.

The 52 x 58 inch core web end fittings form the 3 corner vertical posts.

Each of the three webs are gtiffened vertically by extruded angles and s singlel
horizontsl member. The webs provide for the redistribution of vértical, horinon-
‘tgl and torsional shear loads between the inboard ventical posts. This configuration
is effective in providing meximm multi-directional lateral stiffness fon.minimum
welght. |

The_éix cross-braced verfical outrigger panels are also constructed of‘exfrudéd
tubing 17 x 58 inches, one side Qf each panel is an inboard corner pnst which also
acts as the core web edge mémbera When launched by g Delts vehicie the cuﬁriggers
accept loads from both the instrument section support structure and the subsystem
modules as redistributed by the upper and lowe: truss bulkheads and core webs. |
These 1oads‘are subsequéntly délivered as vertical and horizontal column and/or
tension loads at the six discrete mounting fittings at the 1ower bulkhead/Delta
adapter 1nterface The outboard vertical posts are comnected in palrs by horlzon-
tal dlagonals for 1ncreased stabllity Each of the diagonals also acts as a
support for one of thren docking probes used for S/C retrieval.

The lower truSSed bulkhead is constructed of square extruded'tubing, connects
with thg core shear web corner posts, acts as the lower cap oflthe'shear webs and
accepts and redistributes loads similarly as its upper connterpart wiﬁn thé
exception that the lower S/S module latch design permits essentially only lateral

load transfer to its supporting structure rather than the‘basically vertical load



distribtution of the module upper latches.

The most significunt design driver for the structure is the stiffness required
+0 meet the launch vehicle design frequencies in both the latersal and longitudingl
direction. The stiffened sheét metal core structure meets this requirement and
with this structursl arrengement primary structural loads are not induced in the
8/S equipment modules.

1.1.1.6 Subsystem Module Structure

The Grumman structural design for g typical subsystem module fegptures
structural and thermal isolation and introduces a unique 3 unit letching mechanism
operable fram a aingle control point as illustrated in Figure 1.1.1—8. The struc-
tural clements of the 48 x 48 x 18 ineh module and the mechenical details of the
latching and guide systen are shown in this structural arrangement drawing.

The module is frawmed cut conventionally with square tubing arranged in
roughly 18 x 2L inch cross-braced panels. The design is compatible for either
riveted guaset or welded joint constructiom. Square intercostal tubes are installed
loecally in the ﬁodule s8ide frames where required for latch or connector installation.
Subsystem ccumponents can be similerly provided for, although their primary mounting
surface is the interior surface of the 48 x 48 x 1 inch thick aluminum honeycomb
panel which is the module outer surface. Eight gulde and roller assemblies to

insure module aligmment esre shown in this configurastion. This number could be

sharply reduced without seriously affecting the alignment function as follows;

removal of the two rollers at the bottom outboard corners; and removal of all

four upper rollers and guldes snd relocating one roller guide assembly vertically
at the center of the top side panel near the outer face of the module. In this
generalization the interior framework is stabllized by tubular cross-braces in

a dismond pattern. This etructure is slmost certain to be replaced by the vertical

and horizontal thru partitioning required by speclalized subsystem cdmponents

and/or groupings.
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The locsal structural stiffening for the three point over center latching
mechanisms paturally utilizes extruded square tubing identical to the framing
members. The locgtions of thqse gtiffeners and/or the lower cutout in the
honeycomb panel are identical module to module unless displaced by or combined
with adjacent component unigue reinforcement. S8imilerly the guide racks and
" pollers sre standardized and will not be redesigned or relocated except as
necessitated during custamizing of the design to ACS, Comm and D/H, or EFS
funetion. Tt is anticipated that provisions for the attachment of aluminized
mylar insuletion, particularly on the side panels, can be standardized. However,
radicelly differing requirements will preclude thié design possibility on the
outer, radisting surface of the honeycomb panel.

Thermal igolation of the individual modules is enhenced by the minimal
conductive paths implicit in rotating mechanicsl lstches onto 3 individual pins.
Further thermsl isolatinn is assured by use of non-metellic rollers and/or align-
ment guides. The thermal characteristics of the outer honeycomb surface will be
controlled by coatings and devices tallored to the requirements imposed by the
particular subsystem installed in the module.

Despite the alternative core centered load path suggested by Grumman the
bagic module structure différs only slightly from the given baseline in respect
to its truss framework and honeycomb outer panel. The basic difference lies in
the 3 point latching mechanism and guide/roller system.

Structural provisions for the 3 unit coordinated latching system and the
standard extrusions and/or components anticipated in the roller/gulde system
are obviocusly fewer and less camplex than the & unit individually operated
tracked mechanisms, Additionally, the elimination of one-fourth of the mechanisms
increases overall system relisbility significantly while reducing overall module

structursl detall and assembly cost.
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Bécduse launch Joads are constrained_entirely to the maximally stiffened
core structure, subsystam cﬁmponents whose alignment is critical need not be
mounted on hesvily loaded and therefore flexible module structures, Similarly,
lightly loaded modwles are unlikely to experience or cause permanent structurél
deformations under lsunch loads méking tracked reﬁlacement difficult if not
impossiﬁle. This inherent alignmént stability plus thé positive ovér center
latching assures that slignments once set during ground calibration will be
maintained and repeatabie in orbit, |

Finally the ease cf totally interrupting thermal conductive paths between
the module and addaceut‘suppolt structures is evident. At a number of points
between the module_structure‘aﬁd its supports{ non-metallié or low conductifity
meterials may be used for piné, bushings, bracketry, end rollers thereby perudt;
ti@g thermgl isolation using multi layer insulation blankets.

'The Weight of the B@seline 'Dry' module is o8 lbs plu568 lﬁs for latch
mechanlsms for a total qf166 1bs. For three modules the weight differential

GSFC to GAC designs s 498 vs2h9 lbs or2k9 1bs total in favor of the Grummsn
design.

- 1.1.1.7 Resupply Approsch
1. l 1.7.1 Subsystem Modules

The GAC mechanism shown in F:Lgure 1. l 1-9 consists of three hook a.nd roller
latches ut1l1z1ng a self-lpcklng linkage. Init;al alignment is accomplished
b& means of g trackrand ;oller guide system and final aligmment is.achieved 53
megns of the latch roller guides provided on each of the three 1atches. The latch
hooks are configured to'supply the final pull-ip force required for mating of the
self-aligning electrical.connector and the lateh operated push-off rods supply
the neécessary demating force. Launch loads are carried via thé 3 lateh points

only and no sppreciable S/C loads are transmitted through the track and roller
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guide system, SM positioning and latch operation is accompliéhéd by means of
"a single lateh operator and is readily adaptable to a;duéler triple latch
operastor arrangement. The latch operator consists of a holding kﬁob riggedly
fixed to the SM and containing.a centrally located rotary driver which supplies
rotary input to the worm gear set operating the létches. A commoﬁ létch operator
is utilized for a1l the resupply latches. -

The GSFC Raseline Subsystem Modﬁles latch mechanism congists of four screw-.
jacks and four guide rails, and carries launch loads scross the guide raiis via
a preload device. The GSFC Deita Baseline does not pro#ide resupply-capability.
See Table 1.1.137, -8, and -9 for rationale and summary.

1.1.1.7.2 Imstrument Assembliesg Orbit Adjust Stage,
Solar Array Configurgtions

The selected GAC bageline utilizes the identical (SM) mechanization concept
for the resupply of the Instrument Assemblies as shown in Figure 1.1.1-9.
The réaupply latch system fof_the Orbit Adjust stage is similar ﬁo the SM system
and diffefs only in that one of the three latches is replaced by a éonical socket
engagement showm iﬁ Pigure 1.1.1-10. The Solar/Array/Drive resupply latching is
similarly accomplished with dual SM type latches and s third pointﬁsuppoft provided
by a cénical socket engagement shown in Figure 1.1.1-11, Additional retract
latchéé are provided on the Solar Array for the purpose of sustaining loads
during launch, orbit adjust and shuttle re-entry.

The GSFC Baseline does not specifically define resupply 1atching systens
for the Instrument Assemblies, Orbit Adjust Stage or'SQlar Array..

The GAC'Delta Baseliné is configured to be campatible with s rééupply
capability similar to that of the GAC Titan configuration. Therefore_resuppiy
latching provisions can be cmitted on an optiop basis.

1.1.1.7.3 BSolar Array Accammodations

1.1.1.7.3.1 Flexible Solar Array

The flexible Solar Array shown in Figure 1.1.1-11 is of the roll-up flexible

type mounted on a deployable support frgme. The stowage and deployment mechanism
© 1.1.1-29 '




Table 1.1.1-7 Rational for Rating Latches

HOOK & ROLLER  (GAG)

SCREWJACK (asFe)

CRITERIA
Weight 10 1bs/Module 68 1bs/Module
Cost o Less weight ¢ Extremely tight manufacturing
o Less complexity Tolerances required
Pogitioning A 3 pt. engagement is inherently o Greater component sccuracy
Repestability more conducive to posgition accuracy required for positioning
o Low System frictlion minimizes o High latching friction
structural distortions
o 3 pt. System can be made to o System cannot accommodate
accommodate thermgl distortion thermal gradients
Reliability ¢ 3 latches are more rellable than o Redundancy difficult to achievg

r
|

b

o All rotabing joints can be made
redundant

o No sliding ccntact

o No grease lubrication

for sliding contact

o Reliable grease lubrication

in space 1s difficult to
maintain.

|

Ease of in
Orbit Opera-
tion

o Synchronization problem is
greatly minimized

o Low latching loads reduce
in orbit difiiculties

o Y4 screw jacks are difficult
to synchronize

o Grease lubrication can result
in contgmination of other
systems

o High lstching loads add
additional complexity to
in orbit resupply
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RESUPPLY CAPARILITY

TABLE 1.1,1-8

"TITAN DELTA
BASELINE BASELINE
GSFC CAC GSFC GAC
SUBS YSTEM MODULES Yes Yes No Yes
INSTRUMENT ASSY'S ~ No Yes No Yes
ORBIT ADJUST STAGE |  No Yes No Yes
SOLAR ARRAY - Mo Yes No Yes
I o
, TABLE 1,1.1-9
- COMPARISON OF LATCH SYSTEMS
SCREWJACK vs HOOK & ROLLER
) I HOOK & ROLLER SCREWJACK s
(¢ A c¢) (s Fc)
1
[ o ?:): ’
_ RATING % RATTNG S
. TRADE CRITERIA < =
o WEIGHT Excellent (4 - Non-Optimsl (g
o COST - Good: (2 Fair (1
o POSITIONING ' ‘
REFEATABILITY Good (2 Fair (1
o RELIABILITY - Good’ (2 Fair . {1
o EASE OF IN ORBIT ' :
OPERATIONS Good @] Feir (3}
RATING TOTALS - 12 4
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is configured to provide refrieval and-resupply capability, A single electric
screwjack actuator operates the deployment mechanism both during deployment and
retraction., For stowsge, dusl hook and roller latches are provided to secure the
Array Frame to the spacecraft structure during launch orbit adjust and shuttle
re-entry. In addition, both the frame and deployment boam is snubbed against
the structure in the stowed condition. The stow latches are sctuated by an
electric motor driven worm gear set, The resupply system consists of dual hook
and roller latches and & single conlcal socket engsgement mounted on a support
tray which houses the array drive motor and the deployment boam lower support.
Guide rollers are provided on the tray to facilitate initial alignment during
its insertion into the spacecraft. Insertion and removal is accomplished by
grasping the single lalch operator knob and latching or unlatching is affected
by rotation of a drive socket within the knob. Thrust forces for mating and
demsting the electrical comnector are supplied by a hook pull-in and a push-off
rod respectively. Therefore, only a torqueing force need be supplied by the
SAMS end effector.

1.1.1.7.3.2 Rigid Solar Array Mechanism

The rigld soler arrey shown in Figure 1.1.1-12 is configured with four rigid
solar panels. The two inner panels are hinged to the deployment-boqm and the
remaining two outer panels are hinged to the Inner panels. A panel actuator
mounted on the deployment boom operates the two inner panels by means of g
deployment linksge. The two outer panels are actuated by a linkage operated
by the inner panels. A boanw sctuator is used to deploy the array away fram
the spacecraft prior to punel deployment. A series of stow latches are utilized
to provide supﬁort durirg launch and retrieval. The resupply mechanism consists
of dual hook and roller latches with a conical socket providing the third point
support. The boom assembly is coupled to the array drive unit which in turn is
mounted on a support tray. A single lateh operator is employed to resupply

the solar array and drive unit assembly.
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1.1.1.8 Orbit Ajust
The Orbit Adjust/RCS Module showm in Figure 1.1.1-13 provides support for

four Thruster Pods and two 10 inch dismeter hydraszine propellent tanks. Each
Pod houses two O.1 1b., two 1.0 1b., and one 5.0 1b. thrusters.

The stage consiste of a central hexogonsl module which contains the propellant
tanks. The module is 12 inches deep and 24 inches across the flsts. Six corner
tee members are comnected by stiffened sheet webs. A honeycomb shelf is attached
to the bottom cap angles of the peripheral webs to support the propellant tanks.

- Five square tubes join the upper opposite corners of the hexagon with the aid
of a splice plate at their central intersection.

Four square tube struts extend off each of three sglternste sides .of the cental
hexagon and terminate at the stage attachment/latch fittings which are 120° apart
on a 30 inch radiusa |

Two tapered, stiffened sheet beams extend off two of the remaining three
sides of the central hexsgon to provide support for two of the Thruster Pods.

The other two pods are supported off the underside of two of the stage support
strut asssemblies by shect metal brackets and angles.

The Thfuster Pods consist of s sheet metal C section which forma the back,
top and bottom of the module, twn_remcvable end plates, to which'a;e attached
the low level thrusters, and an outer cover which serves as an accese panel
and module closure. The hi-level thruster is attaeched to the bottom of the C
section. As most of the module structure is of relatively simplé, atraight
line geometry, "standard"” sections are used wherever possible.

1.1.1.9 Titan Spacecraft Core Structure

The additionsl instruments contemplated for EOS follow-on and the choice
of the Titan IIT B lawnch vehicle initiated the trial design of the cruciform
core structure presented in Figure 1.1.1-1%. The inereased diameter of the

Titan payload fairing legislated a wider diameter 5/C to 1/V adapter and therefore
1,1.1-36



Fig. 1.1.1-13 Orbit AdJust/RCS Module

S 1.1.1-31



— ACS MODuLE

i ‘\ oM E DATA
. HANDLING  MDDULE

|

et — =Y

5 nMpDuce(Pes

v ¥

~—
VIEW | OOKING DOWN - UPPER DECK

\wu*mz ADAPTOR FITIING'S (8REGD)

"_ - ::" 1 . L
i i I 1
%I ,l i' !
o il ! ! “:
i tl | I: il‘
| " II I :
noh oo
:1 '[l ! Co
! '1 'I ll | I;I
F—— s
T (R
TR VI 1 hl o
ol =| ] i it
il ll !l i |:
ow b
W [
L LI L
e — -

I
i
CSECT A-A

Fig. 1.1.1-14 TITAN Basic Spacecraft Structural Arrangement

1.1.1-38



a wider core structure base. 'Additionally, the anticipated increase of suﬁsystem
components partidularly in the,Data Handling subsystem indicates the possible
requirement of s féurth‘module to accommodate the overflow. The addition of

this module and the severe latersl dynamie stability design requirements imme-
dlately suggested the inherently stiff 52 inch x 52 inch x 55 ineh long stiffened
sheet metal shear web squafe éore; ‘Gussettea truss bulkheads at the instrument
support structure and adspter inferfaces plus eight vertical 20 inch by 55 inch
truss panelé between the co#e and the §/C mounting points complete the structure
assembly, The weight. of this structure is estimated at 360 1lbs. and carries a
recurring cost of § K using rudimeﬁtary throw away jigs and tooling.

The forward truss bulkhead is framed out with 1% to 2 inch squere aluminum
‘alloy extruded tubing gussettéd st the joints to be compatible with either welded
or mechanical joining techniques. The frame is joined to L ;orner posts inboard
and eight outrigger vertical panela gt the external shuﬁtle/spacecraft suﬁport :
polnts. Ita internal members attach to and form the cgpe for the.fouf stiffened
sheet core shear webs, Outer diagonélly'braéed 20 inch by L2 inch squére tube
panels provide the upper primarily vertical and lateral support. for the subsystem
modules. This arrasngement provides 4 inboard and eight outboard hardpoints for
instrument structure base support. In addition, the deep sectioné between the 4
interior posts are cspable of béaming intermediate instrument loads laterally to
the vertically hardened end pﬁétgf The‘frmme is designed:to accept lateral crush-
ing loads from the proposed clam shell shuttle attach fitting, When mated with
the core webs, the lower bulkhead and the outrigger vertical panelé, the frame
haé the dual caﬁacity to either unload vertically to the Shuttle intérface
mechanism at this upper 1e§e1 or to transfer instrument and subsystem module
loads to an eight point interface.with a Titan launch vehicle ada?te: ﬁt the aft

bulkhead level 55 inches belqw.
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—Eié-éé x-ééhlﬁéh'éluminum alloy core web end fittings are the U inbba:d
vertical posts. FEach of the four webs are stiffened vertically by extruded
angles spaced 7 inches spart and by a single horizontal member. They have the
function of redistributing vertical, horlzontal and torsionsl sheer loads between
the inboard vertical posts. This configuration is most effective in providing
multi-directional lateral stiffness. |

The eight cross-braced vertical outrigger paﬁels are glso constructed of
square extruded tubing 20 inches by 55 inches, one side of which is the inboard
vértical post which, in turn, is the core web edge member. They are degigned to
accept the loads of the lower module latches from the lower bulkhead frame and
transfer them as shear loads to_thercore webs to be taken out uwltimately at the
Shuttle/spacecraft iﬁterface. When lgunched by a Titen vehicle the outriggers
accept loads from both the instrument support structure and the subsystem modules
a8 redistributed by;the upper and lower truss bulkheads and inner core webs.
These loads are subsequently delivered as vertical and horizontal cplumn and/or
tension loads at the eight discrete mounting fittings at the lower bulkhead/
Titan adapter interface. Note that the outboard vertical posts are comnected
in pairs by horizontel dlagonals for increased stability. |

The lower truss bulkhead constructed of square extruded tubing, connects
with the shear web corner posts, acts as the lower cap of the core shear webs
and acceptsvand redistributes loads similarly as its upper counterpart with
the following two exceptions. Primsgrily, no signifiéant crushing losds will
be applied to the aft fittings because of the radial stiffness of the sdapter
forward ring fitting. Secondly, the lower subsystem module lstch design permits
essentially only lateral load transfer to its supporting structure rather than

-the lateral and vertical loading patterns bullt into the module upper latches,
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Gruman is convinced that because-of'the severe, worst case‘iotcral and
longitudinal dynasmic loading envelope spplied to this Btructuro, Stiffneos
rafher then strength is the governing design criteria and that poun; for pound
iand dollar for dollor the gheet metal core structure is a serious competitor to
ithe open truss I-Beem construction of the baseline° The GSFC baseline support
"istructure a8 configured in the reference drawings supplied GAC 18 estimated at
|580 1bs. The GAC alternate concept is only 360 1bs per current estimstes. This
220 1b saving is significant in itself but even more 80 when the 2h9 1v (83 1b/
:modﬁle x 3 modules) module wcight saving is added for a total'H39"15§"1n""af§W
structure and latch mechenisms alone. '

'D.1,1.10 Instrument Accommodations

D.1.1.10.1 EOS-A Instrument Section

The initisl instrumcnt.payload chosen for configuration study inecluded a
5-Band multi spectral scammer similar to the design for ERTS B, a Thematic
Mapper.proposed by the Hughes Aircraft, Space & Communications Division,and a
Data Collection System concept originasted ot GSFC for EOS. Both §he MS5 and the
TM include in their designs a thermal radiator which ideslly requires a 180°
field of view of "Black.Space." Instrument geametry and sensor fields of view
plus the essentially *morning oioit" require radiator location on the +Y side 7
‘of,tho spacecraft, offset approximately 130° from the Nadir. _The_optical‘desigo of the
MSS requifes that it be mounted with its longitudinal (long) axis perpendicuiar
to the §/C line of flight and the T™ requires its longltudinal axis 1o be parallel
to flight vector with the optical view port on the forward or leading (+X) end.
The DCS antenna is fixed and specifies a Nadir field of view., Its electronics

is part of an Instrument Mission Peculiar Module.

Figure 1.1.1- 15 illustrates the payload and anclllary tape recorders,

~ antennse and solar array arranged for meximm efficiency on the spacecraft

1.1.1-k1 .



structure. The TM is mcunted parallel to the line of flight toward the
shaded (-Y) side of the spacecraft to permit maximm exposure of ‘its radlator.
‘fhe solar array is mounted on center line toward the -Y side of the spacecraft
to take advantage of the increased solar impingement in this area. An Instrument
Migsion Peculiar Flectronics Module is mounted directly forward of the solar array
on the MNadir {+Z2) face near the C&DH module. The rectangular tepe recordsr module
is similarly positioned immedimtely forward of the TM. The MSS is mounted
directly above the TM on a beam/platform.and projects its radiator assembly on
the shaded side of the spacecraft directly above the TM radiatbr, The DCS antenna
is attached directly to the Nadlr face of the upper beam/platform. A fixed X-Band
antenna, Nadir pointing, iam supported by a light tubular truss gtructure off this
been/platform.

The T bage is mourted on a Lower Box Beam/Platform 37 in long x 26 in wide
% 15 inches deep whose beem caps are fastened to and supported by the caps of
two of the vertical shear webs of the spacecraft core structure. The upper mounta
of the T™ are attached to the underside of a trapezoidal beam/platform 37 in long
x 10 in. deep with ove 38 inch and one 26 inch side. This upper beam is attached to
the iower beam along the forward (+2) edge by a stiffened sheet metal bulkhead
notched to clear the TM field of view and sunshade. ‘A structural penel connects
.the uppef and lower support along the common 26 inch besm width (-Y side). In
addition, six tubular struts support the upper beam from 5 hardpoints on the
spacecraft forward bulkhead adding the required stiffness to’'ralse the natural
frequency above requirements. A three point determinate support for the instru-
ment has been assumed and ample clearances with surrounding structure has bheen
provided to employ the Grumman latchling system.

The MSS is mounted at 3 points on the upper face of the trapezoidal platform

and 1s treated as a cantilevered load. Simple diagonslly braced tubular trusses
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ve used to support the DCS and X-Band antennee. The flexible Solar Arrey is
supported by an additional beam or a contimuation of the Lower Beam/Flatform
attached to the spacecraft forward bulkhead capable of longitudinel +X loading.
Lateral loads in the Y and Z direction are resisted by reaction of the bulkhead
and by two struts extended from the upper trapezcidal beam/platform,

The Tape Recorder Module and Instrument Mission Peculiar Module are latehed
to the vertical bulkhead walls which connect the upper and lower beam/platforms
and to the upper spacecraft pulkhead using the Grummen 3 Point Latching System.

During resupply operations, see Figure 1.1,1-15A, the TM 1is manipulated
and removed perallel tc the axis in the +Y direction. The MSS may be extracted
from the (-2) side while the tape recorder module is removable from the opposite
or Nedir (+2) face. The Instrument Peculiar Module is removed and replaced along
an axis displaced 45° from both the Y and Z axes on the Nadir side of the space-
craft.
1.1.1.10.2 EOS A? INSTRUMENT SECTION

The viewlng requirements of the HRFI and MSS result in the configuration
shown in Figure 1.1.1-16. Both instruments view the Nadir while the MSS has
the additional requirement of a rediator viewing "Rlack Space.”

The basic support structure for both instruments is a "5 sided Box" where
the lower and upper faces are Box Beams and the other three sides are Strut-
Trusses. The HRPI is powxitioned between the lower and upper faces and the MSS
is on top (+X) of the upﬁer face. The lower Box Beam (-X) reacts directly into
two of the three shear webs of the subsystem gstructure below. In addition,
three struts from the spacecraft "hardpoints' to the upper Box Beam add stabllity
in the Y, Z planes. The assumed three point gupport and resupply capability of-
these instruments require s special 1atch/retension system, and glearances to

the gtructure have been allowed for them. HRPI removal for resupply is in the

.7 direction, the MSS is in the +Z dlrection. The solar arrsy is supported on
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the spacecraft structure utilizing an additional beam to balance the +X loads.
The Y,,Z loads are balanced by a fitting from array to upper beam.

The tgpe recordei‘is located on the =2 éide and supported off of the space-
craft ;tructure via a beam or beams to pick up the resupply latches. Removal is
in the -Z direction.

The iMP Box is located on the +Z side and is supported similarly to the
tape recorder, RemOVal_for résnpply is in the +Z direction.

The DCS and X-Band antennan are supported on the upper box beam via sppro-

priate struts.

1.1.1.10}3 EQS B Tnstrument Section

The Thematic Mapper.and the High Resqlution Pointgble Imagei_as configurea
by Hughes can bn mounted.side-by-side on the triangular spacecrgft module sup-
. port structure as shown in Figure 1.1.1-17. The T™ is incated on the +Y gide ;
to permit a 180° radiatcf fieln of view on the shaded si&e of the spacecraft.
The TM scanner is therefore in the forward or +X end with reapect-to the velocity
véctor (X sxis)avoiding interference with the adjanent HRPI scanner sun shield.
The Date Collection Syatem Antenna is located on the Nadir side of the instrument
.support platform. The steergble X band antenna is deployed from a gtowed position
below the ™ on the Nadir side for maximum esrth exposure. The Instrument Mission
'Pbculiar Electronics Mbdule is aleo mounted on the upper platform central to all
instrumenta and to the que Recorder Modnle “which 1s located above it

Each of the Instruments, thg Mission Peculiar Module andrthe Tape Recordef
Module gre removable from the spacecraft using tné Grumman Resuppiy Latching
System. The T¥ and HRPI nay be manipulated fram the Nadirl(+z) éide and the
Mission Peculiar Electronics and Tape Recorder Modules fram the zenifh (-z) |

side of the spacecraft.
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|- Seocar Avaav

et

' sz‘ &8

ST B8

i o
el b vl \'_"./‘ R ’1 am oA
- o endl Y S
S St ‘s ) s detrl :
: . . TR oI g ERTAl T
. ' v R
| ; SN S
)_' i - af':..).'... | 3
[ Ly ‘%,
NRE= ’ y
i «
1 ’ L .
/\ - __‘1' .,
¢ -

M lsese NS
| FPeAré h = g \,'%
. ' £ .
' & i
1

DELTA STA G442 : @ B

.
I
L

-

l -
l - - B e

1
\
. l \o@an«ﬁwt' R L

& 97e

Fig. 1.1.1-17 E0S-B Configuratic!on ;De;lta. LV

1.1.1-48



maximum solar ehnergy potential. The actuating mechanism assembly ie lateh

mounted to the Porward bulkhead of the spececraft core structure.
A latching mechanism attached to the instrument platform supportas the other end

of the stowed arrsy durlng launch. The Grummsn i'atching system permits.
replacement of this unit in the -Y direction.

The X-Bend Antenna, a 20 inch diameter dish type, is rotatable 62° in any
Nadir ( +Z) direction and is mounted on the forward face of the lower TM support
structure.

The Lower Instrument Support Structure is essentially a 26 inch wide by 51
inch long Beam-Pla.tf.om,' which is attached through the forward bulkhead to the
i:pper caps of the triangular spacecraft structure assembly. The .1ower lztches
and track assemblies for the HRPI and TM are attached to the Beam-Flatform.
| The Solar Array Actugting a.nd Latching Mechanisms a.tta.ched to the interfacing bulkhesd
are readily accamodated in the hollow interior of the Beam-Platform due to its o
18 inch height. Stiffened sheet metal construction with extruded ce.p_ menbers
and intercosta.ls are envisioned for this structure. o |

The upper letches and guldes for the major instruments and the array are
supported on the underside of a sheet metal Instrument Support Pla:b_form 51 inches

long, 36 inches wide and 5 inches deep. The X-Band and DCS antenna is attached |
to s longitudinal beam which is its forward edge. The side face beams and inter-
costals of the platform rrovide uppert for the upper and 1ower' 1atches of the
Mission Peculie.r Electronis Module. The former latches are supported on pylon
fittings and the 1atter by the st:.ffened upper pla.tform fa.ce.

structural continui‘t'y between the lower Beam-Platfom and the Support Pla.tform

is maintained by a central stl_ffened sheet Beam/Shear Web between the ™™ ‘a.nd the
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HRPI iﬁ the X-Z plane. Tripod tubular members support the two rear (—Z) corners

of the platform and either connect with interface bulkhead hardpointe or are

beamed out to these points. X axis vertical loads are taken out by both the tripods

and the verticsl beam/shear web. Y and Z axis lateral loadsrin the platform are

reacted in shear by the beam web and by push-pull reactions supplied by the tripods.
The upper latches for the Misslon Peculiar Electronic Module are supported

on pylon brackets fastened to the top of the support platform and in turn support

the Tape Recorder support deck. This 25 inch deep bullt-up shelf, 46 iﬁches long

and 36 inches wide, mounts the lower Tape Recorder latches and the pylons which

mount the upper latchas on its stiffened upper surface. Vertical loads are

reacted as tension and compression loads in the pylon edge members and lateral

.loads are sheared ocut by the pylon bracketry webs to the T/R support deck

and instrument support pistform,

1.1.1.10.4 EOS C Instrament Section

The instrument section for the E0S-C mission contains the folloﬁing C Ol
ponents as showm in Figure 1.1,1-18. One HRPI, two TM's, one SAR antenna, one
tape recorder module, cine IMP module, one SAR electronics module, a deployable
g#0lar array, & oteersble X-Band antenna, a shaped beam X-Band antenns snd a DCS
antennsa.

The structure required to support and house this compliment of components
consists of a base support/adapter ring, a rectangular arrangement of beams, 30
inches high, and a truss/beam tower, approximately 17 feet high to support the
TM's, SAR, electronice modules, antennas, and solar array.

The base support/adapter ring serves as a hase support for the compliment
of beams forming the primary support structure. I also serves as the interface/

separation ring when lawnched in the Titan IIT B launch vehicle and the interface/
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support ring when launvhed in the STS orbiter.
The bame support beams consist of three beams paralliel to the Z axis, one

on the 7 axis and two 20 inches either side of the center beanm. The ends of the
beams terminate at the center of the adapter ring. Joining the ends of the

20 inch beams are two beams running parallel to the Y axis. The center beam
terminates on the two trensverse end beams. Another transverse beam spans acrose

the adepter ring 6“ iriches off the center of the stage on the -Z side providing
_ a center support for the three main beagms and the forward (+Z) support for the

tower structure. All of these beams are 30 inches high.

Several auxiliary beams extend between the main beams and the base ring
to provide support for the subsystem module stage below thé instrument stage.
Two additional beams extend upwﬁrd from the main beams to support the HRPI.

The two TM's are mounted one above the other within the tower structure
and may be removed laterally in thedY directiuﬁ.

The SAR antenna is supported and hinged off the front end of the center
- tower beam over half the antenna length. The remainder of the antenns is
cantilevered from the top of the tower upward.

The tegpe recorder module is mounted on tracks gtop the forward half of the
base beam structure. The IMP and SAR electronics packages sre mounted within
the tower structure.,

The solar arrsy is stowed in the -Y, -2 quadrant and consists four 42 x
16 £t panels. They are folded into a 42 inch x 16 ft package and supported off
the base beams and the tower structure.

1.1.1.10.5 Delts Configuration - 2 MSS Instrument Section

The configuration shown in Figure 1.1.1-19 mounts two MSS instruments, a

Tape Recorder module and an IMP with attendant antennse, on top of the conven-
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tional subsystems modules arrangement. A 20 inch deep box beam of aluminum
a.IL'I.oy shear webs and stringers is mounted to the upper bulkhead of the spacecraft
core structure at fourr points where it intersects the three vertical webs
of that structure. To this box beam is mounted one of the MSS instruments
together with the Ta.pe Recorder Module and the IMP, It should be noted that
to remove this MSS inétrument, it is necessary first to remove the tape recorders
and IMP.

The second MSS instrument is mounted on a_deck which is supported by

struts off the box besm. This MSS is positioned vertically above the lower

MSS but can be removed Without first removing another component.
Both MSS are attached by three latches to their supporting structure.
Anternae positioned sbove the spacecrsft core structure are mounted off

the box beam or the upper deck.

| Fields of view requirements for the instruments and antenria.e are fully
satisfied in this arrangement.
This configuration utilizes the flexible solar array which ie described in

Paragreph 1.1.1.7.3. Mountings for this array are provided at the lower edge

of the box beam and the upper deck, The box beam incorporates a tummel to

asccept part of the solar array mechanism,
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TITLE ISAOE ;TUQY REPORT
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! ‘ [was numBER

1. I E STRUCTIIRAL AND DYNAMIC ANALYSIS X : {
$1,7.5,1 Introduction ' |

,This section presents the resylts of the structural studies-performed to define

the oember sizes which meet the veiicle design requirements. The most significant
drivers in sizing the structural wembers are the stiffness required to oeet the _
launch vehicle design freguencies in Eoth tﬁo lateral and longitudinel directions.
The selected configurations, both Baseline and preferred, for the Delta and Titan"
Launch vehicles were evaluated for stiffness requirements. The struetural idealiza-
tion used to estimate the stiffness of each structural arrangement was based on an
evaluation of primary loed paths, effectivity of structural members and estimated
sizes for the preferred configurations. It should be noted that these analytical
studies are preliminary in scope and further analyses are requlred to obtain more
definitive results. The-preferre@ configurations gtructural members were sized, °
a8 noted above, for stiffness{ estimateé were made of member sizes for glven e

. candidate materials and the fundamental frequencies evaluated. Wiere the structure
dild not meet the frequencv requirements, the members were resized., bonservative oass
distributions were used in all cases. It will be noted throughout this analy31s
that the weights used sre higher than those finallzed in the weights section.,'

- Since these design weights were selected early in the study, it was dec1ded to use
higher values to avoid s*gnlficant changes in the results., The steady state 1oad
cases were used to size members where the design loads were critical, although the
basic structure is stiffrness critical. The study included an evaluation of the
following structural materials: ‘Aluminum alloys, Titanium alloys, Beryllium, '
Beryllium/hlumlnum alloy and ‘composites..

N

'|prEPARED BY o GROUP NUMBER & NAME DATE * | CHANGE
. b : : . T LETTER

REVISION DATE

|approvap By ’ S : | lease 1.1.2-1

waag 5711
a ya




ﬁRUMM&N PR

TRAIE STUDY REP@RT

TRADE STUDY REPORT
NO,
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L. 1.2,2  SUMMARY

The results of these preliminary structural studles indicate the following:

o Deolts Preferred - the requirements for strength, gtiffnens
and waight allocstion aye sstisfied for:

& Spacecraft designed in aluminum alloy

& Instrument payload structures using
composite tubular trusses or support
beam of aluminum, The matrix of all
potential instrument combinations
ahould be examined further.

& Equipment module using three point
support system, aluminum honeycamb
bulkhead and aluminum side trusses.

@ Shuttle installation system using six
hard points to mate In cradle in the
Orbiter payload bay.

¢ Elimipation of trangition ring.

¢ Titen Configuvaticneg - studies show that the baseline and
preferred meet design requirements.

o Composite meterials and beryllium/aluminum alloy cen be
effectively used in specific applications to reduce
waight.

o A summary of the preliminary estimated frequencies are
given In Teble f1.2.2-1.
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TABLE $.1.2,2-1 :
. SUMMARY OF CALCULATED FREQUENCIES o .-
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; : - T . “Welght Ibs Frequency iz

CONFIGURATION - [ Payioad ~ Spacecraft long. | Lat.

Titan Baseline

L r

First estimate of longitudinal stiffness | 2120 5610 | 20 -
Second estimate of longltudinal stiffness| 2120 1 5610 .33 -
Transition Ring/Adapter restrained =~ | 2120 5610 - 14

180434 Aanis3avir M4

Titan Preferred

JHYN 7 HIANNN JNOND

Case I Stiffness , 1500 4000 - .17
Case I Stiffneas o : 3?00 L4ooo - o = 12
CaseII Stiffness | 1500 : 4000 - 22
CaseIT Stiffness 3700 .QOOO - 15
Delta Preferred h )
Case :I T, MSS, DCS & Solar Array | 817 2104 - b1
Case T TM, MSS, DCS & Solar Array c 817 2124 3
Case II 2 MSS & Solar Array | 690 2220 33 -

Fquipment Module

.3Lva

Longitudinal | | - 1 1 7o -

7--Lateral‘4 1" honeycomb .020" facesheets . _ _ ' - 79
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The basic structural arrangeme

deslgn gross weight used for this

Structure

Subsystem Modules
Orbit Trensfer Syst.
Thermal Control
Solar Arrey

Wiring

Steerable Antenna

Contingency

Instrument Payload

Adapter
Launch Weight

PITAN/SHUTTLE BASELINE: DESIGN ULTIMATE LOADS

Wt (LBS
2134
729
1817
150
UTe}
190
Lo
1060
6060

1277
7337

-
7727

TABL‘.E ﬂnloanS-l

TITLE TRAQE S5TUDY REPORT
NO, .
i
WEsS NUMBER
B Y
1.1.2.3 Titan Baseline Configuration: ¢ .

1
%t is teken from the GSFC and Mege reports. The
glysis is as follows:

LAUNCH X Fy ¥z
o Titen
- Lift-off -25312 +22000 or  +22000
- Main englne eutoff -118860 +16500 or +16500
o Shuttle
- Liftoff -25312 +3300 -8800
- Crbiter end burn -36318 42200 -5500
- Entry 42750 45500 33000
- Lending +16500 +16500 27500
- Crash (1) 69700 .0 0
(2) 0 ¢ 33000
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L

LAUNCH
- DIRECTION

1’ +Z

COORDINATE SYSTEM

Stiffness FEvaluation -
The preliminary evaluation of the longitudinal stiffness and frequency of the

Titan baseline structurewas based on two different assumﬁtions

1. The spacecraft T sections which support the module tracks act as cantllever
beams with zero slope at the centerpost cross bracing, the module load applied
nine inches from the adepter support reaction. This assumption gave & longi-
tudinel stiffness of k = 2.19x105 1bs/in. The instrument structure was
sized for a total approximate weight of 2000 1lbs with a center of graﬁity of
68 inches &bove the transition ring. The longitudinal stiffness is 3.h7x105.
lbs/in. The adapter was sized for lsunch loads using & one inch thick
honeycomb fabricated of aluminum alloy with .020 inch face sheets and a core
density of 2.8 pcf. The member was enalyzed as & cylinder 102 inches long
and éverage diameter of 115 inches. Tﬁis design resulted in a k=1. h7x106
lbs/in. However, in the frequency analysis it was decided to use the value
given in Mega report for k=2. 8hx106 1bs/in. '
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The three mess-spring dynamic system idealizatlon, shown below, was analyzed
resulting in a fundamental longitudinal freguency of 20 Hz.

]
1

m= 5.5 Ib-sec °/in
m,=1.7 lb-secg/in

my= 12.8 1b-sec 2/in
k1 _ - 6 ,
k, = .347.10° 1b/in

Ty
f = 2.19x10° 1b/in
m

k3=2.8ux10 '1b/in
2

;—— SPACECRAFT
3

LAUNCH VEHICLE
INTERFACE

2. In the second structural simulation the spacecraft was idealized as a

truss a8 shown below:
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;
Rl'and R2 are reactions at the adapter, Fl and F2 are the loads applied by the
equipment modules. It is assumed that the equipment modules act &s truss struc-
tures in the four beys around the center structure. Each truss forms the criciform |-
structure which cerrles the spacecraft equipment modules and in turn is supported
at the adapter thru the transiti&h ring. It is conservatively assumed that the
module inertia forces are applied at the vertical post members as shown by the
forces Fy and F,. Calculation of the truss stiffness shows that k= 7.23x105
ibs/in, This velue was used with the stiffness of the adapter and instrument
structures given sbove together with the messes to- establish the longitudinal _
dyriamic system resulting in a fundamental longitudinal frequency of 33 hz.
The two mass-spring dynamic. system idealization, shown below, was analyzed result~-
irg in e fundemental latersl frequency of 14 Hz. '
mydy
INSTRUMENT
ﬁ1_= 5.9 lk-sec 2/in : ) (EI)l = 1.4x10%°  1-1c°
2
m, = 1.1 Ib-sec ®fin (ED), = 22010"7  1b-an
I, = 13.75x10° 1b-in-sec” (E1), = 4.3x10%C 10-1n°
I2 = 19.3x103 lb~-in-sec
PRAEPARED BY : — ’ GROUP NUMBER & NAME OATE CHANGE
: - LETTER
REVISION DATE
[aprRoveo 8y 9565_1.1.277‘.'
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:

WBS3 NUMBER

loa.2.h

based on the assumed simple models.,
incorporates realistic structural member idealization is required to give a better

definition of the stiffness and freqiency.

Titan Preferred Configuration

following gross weight:

L
1

The results of the longitudinal frequency evaluations for assumptions (1)
and (2) above show that the required stiffness exists in the designed structure
. A more detailed finite element model which

The Titan Preferred configuration 1s based on the GAC design with the

Instrument Payload & Struct 1500 1bs
Spacecraft 3850 1bs
Adapter 150 1bs
5500 " 1bs.
DESIGN ULTIMATE LOADS
N TABLE §.1.2.4=1 -
VEHICLE X Y z
Titen -89100 412375  of  +12375
Shuttle
o End Orbiter Burn -27275 + 1650 - bizs
‘o Entry + 2062 + 4125 +24750
o landing 12375 12375 20650
o Crash L9500 o] 0
"0 + 8250 o
0 0 24750
- 8250 o} 0
0 0 11000
PREZPARED BY GROUP KUMBER & NAME DATE CHANGE
LETTER

REVISION DATE

APPROVED BY

page 1.1.2-8
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TRADE STUDY REPORT

s

TITLE

TRADE STUDY REPORT
NO. ,

!
WBS NUMBER

130"

6011

ADAPTER

1

Case 1 m1
Payloed I1

Case 2 my
Payload I1

7 SPACECRAFT

[t}

3.89 1'b-sec2/in

Il

9.48 x 105 1b-in-sec”

9.59 1b-sec’/in

23.38 x 103 lb-in-'sec2

‘Tahl [ ﬁnlczch"zt

" LAUNCH VEHICLE INTERFACE

55" m, =10.36 lb-sec/in |
| %; I, = 14.95 x 107 1b-1n-sec”
33" o ‘

-

The structure was sized for each cese and the moments of inertia are plotted

on the dttached curves :given 1n‘Figure l.lne.#-l

The stiffness and mass data were used in a two maas-spring dynamic system
idealization, shown above, resulting in the fundamental lateral frequencies given in

PREPARED BY

GROUP NUNBER & NAME " loare CHANGE

LETTER

REYISION DATE

APPROVED BY

page 1,1.2-9
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TITLE ;gADESTUOVREPORT

!

i - ' _ ’ WBS NUMBER

i
]l‘

Table 1.1.2,4-2 TITAN TII Preferred lLateral Frequency

Stiffness Payloed Weight' _ Total Freguency
I 1T 1500 1bs 3700 1vs Weight Hz
X | x . 5500 17
X B . X 7700 S -
' X . X ' 5500 - ' 22
X B X 7700 15

£.1.2.5  Delte Preferred Configuration

The Delta Preferred Configuration for the besic spacecraft is defined in the

GAC drewings shown in peragraph {.1.1.h. The primary structure éonsists of three

—~ vertical shear webs forming a triangular cross section core vehicle; eitendihg ‘
from the webs sre six vertical trusses which form the support for the three equip-
ment modules. The equipment médules are supported at three points as shown on
the dr&wings in paragreph$1l.l.T. In this arrangement, primary structural loads
are not induced in the equlpment modules., The design goel is to configure the |
structural arrangements of &ll possible Instrument Payload Structures such that they ‘
are sttached at the hard points of the basic core structure of the spacecraft which-

in turn attaches at six hard points to the ad&pter stiffeners.

PREFARED BY _ GAOUP NUMBER & NAME DATE " JeHance
: : LETTER

REVISION DATE

APPROVED BY - . — ,
‘ : : ‘ . pacge 1.1,2-11}
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¥BS NUMBER

J,

DELTA/SHUTTLE PREFERRED CONFIGURATION

of the analyses are not significantly effected).

Delta/Shuttle Desigh Ultimate Ioads

TABIIE Qalaeus.}-

Design Weight 2941 1bs (Note: this weight is conservetive but the results

i

YAW

«

Y +Z

COORDINATE SYSTEM

Lsunch Vehicle Fx Fy Fz
Delta Engine Cutoff -53700 48730 or| + 8730
Shuttle _

- Lift-off -10150 +1320 3530
- Orbiter End Burn -14600 + 880 -2200
- Entry 41100 #2200 13230
- -Lending + 6620 +6620 11000~
= Crash 26500 0 0
0 0 13230
+¥Y
LAUNCH
DIRECTION
PITCH

PREPARED EY

GROUP NUMBER & NAME

DATE

CHANGE
LETTER

REVISION DATE

APPROVED BY

page 1.1.2-1]
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STRUCTURE

SPACECEAFT |

zdl)pﬂfﬂrtféa

DELTA

- OTA 844, 2

Fig. 1.1.8.5-1 Delta Preferred Confikuration with Typical Instrument

 Payload Structure @
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TRADE STUDY REPCRT ‘

TRADE STUDY REPOR
na, ,

]
wEs NUMBER

1

L

¢ o

Typicel Arrangement

a

5 The comblned Instrument peayloed structure, spacecraft and adapter structures
were sized for the design requirements for two separate payload components and
support structures, Tae first Instfument Payload/Structure ihcluded the following:
- TM, MPS, DCS and Soler Array; the combined weight equal to 817 1bs including structure.
The support structure was a B@ron/Epoxy tubular truss which attached to hard points
on the core vehicle. The second instrument structure analyzed included 2 MSS

instruments and the solar afrgy 211 supported on a beam structure attached to the

core structure.

Analysis of longitudinal and Lateral Stiffness
o Spacecraft/Adepter Stiffness

Spacecraft and edapter wgt 212h " 1bs- Instrument pmyloed and structure
817 1bs. '

Design load in spacecraft tubes at the six hard points for the Delta
launch condition is -~ 14100 1bs ultimate.

Tube size 2 inches by 083 - Aluminum Alloy

Area = .L4g0g9 in2

O = -28200 psi
Fo = =30380 psi
M.8 = +0.08

All the tube memters on the spacecraft structure ere sized to the equivaelent
rectantular sectibn,with an ares of .4999 ing, These values are used to
calculate the longitudinal end verticel stiffnesses. The longeron area of
t the adapter is 0.60 ine. The calculated stiffness for spacecraft and
adepter structure for a single mass system with center of gravity at the
center of the spacecraft is: '
k =‘3.5‘+x105 1bs/inch

”

PREPARED &Y , GROUP NUMBER & NAME DATE CHANGE
J . LETTER

REVISION DATE

APPROVED BY . ' pace 1.1.2~14

RGAC 3791
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TRADE STUDY REPORT

TRADE STUDY REPORT
0.

TITLE

WBS NUMBER

i

¢ .
o Instrument Payload Structure Stiffness/Freqpenéy
- Truss structure case I, lengitudinal
The truss structure alyzed for strength and stiffness is shown on the
following figures. e platform is supported at the four corners MDLH
by tubes MA, MB, MC; DD', DE, DF; IK, HK, HJ. The tube losds were
’ estimated for the laugch éondition; however, the loeds were too low
t0 give sizes which would meet the stiffness requirement. The stfuctural '
sizes were recalculated several times to satisfy requirements. The
tubes sizes were a1l 2 inches x.065 inches:except HJ and 1K which were
estimafed t0 be 3 inches x.095. The material used was BBron/Eppxy
with the following ply orientation: 25% 45°, 60°, 0°, 15% 90°, -
This lay up gives a modulus of elasticity of 20x10 psi. To obtain
4the sizes for tubes in other materials, the areas are ratioed by .
the inverSe'rﬁtios of Youngs'Modulus. The structural arrangement
discussed above has & celculated longitudinel stiffness:

b

k = 9.65x10” 1bs/in

o Truss Structure Case I, Lateral

- Assumptions: , ,
1. A1l latersl stiffness in +7 direction provided by Truss JH, HF, FD
(neglect induced torque which is resisted by trusses in + Y

direction).
2. MSS wgt 220# epplied at upper platform..

3. TM wgt 350#. gquaily divided between upper platform and upper deck

on S/C structure
L, 175# Solar array on upper platform

5. Assume I of S/C struct 50% effective lateral

| GRour NUWBER & NAME DATE CHANGE

PREPARED BY
LETTER

REVISION DATE

APPROVED 8Y : ' _ o pace 1.1.2-15
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TRADE STUDY REPORT
TRADE 3TUDY REPORT
NE, ,
W&SNUMBE;
T
a ) «
LHF' = 63 in
L = 55 in
Deflection in lateral direction due to one 1b load
Tube 2" OD x 065 B/E
A=.395 E=20x10
- MEMBER L AE L {u ' UZ_I_J_
AE AE
. 6 -6 -6
63 7.9%10 7.97x10 1.15 1.3225 9,1655x10
6 =6 _ -6
HT 55 7 .9%10 6.96x10 -1 1.00 6.96x10
3 1.613x107°
§ = 1.623x107° in/1b
k = 63201{104 1b/in
PREPARED &Y . GROUP HUMBER & NAMZ DATE CHANGE
. . LETTER
REVESION DATE
APPRQVED BY L PAGE 1‘1.2_15
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. TRADE ST!JDY HEPOR';_‘

ATITLE . . . HOD

e

WHS NUMBER

- | . : ADAPTER |
_,.--—-.——-—p .
PAYLOAD o SPACECRAFT I I m. = 1.61 lbs-sec 2/sn

STRUCTURE

1

5.94 lbs-SeCE/in

E——— = m, -
N | W o= 29104
- | :
¢ , L, =59 in.
L, = 90 in d
ET = 2532 x 107 - o

Total m = 7.514

o
»
"

Since truss HJ, HF, DF, DE is on one side, use only I of areas (1), (2), (3%

]

%

AREA OF MEMBERS = .5 in-
(1), (2), /3) '

(2)
PREPARED BY : . GROUP NUMBER & NAME OATE CHANGE
‘ : , LETTER
REYISION DATE
. - - ; _ .
LAPPROVE,U 8 _ ‘ : ‘pace 1.1.2-19
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—— ;gnos S$TUDY REPORT |
WBS RUMBER
ELEMENT A ¥ Ay y Ay ny" i
(1) .5 38 19 722
(2) ° .5 -8 - b 32
(3) 5 - -3 (] . 512
1.5 -1 2. = 1266
. I - @53 in*
3 2 2 -5
(111 = § + L, + Lk, + Ik, = 5.336 x 10
3EI EI EI ‘
3 2 -5
Qo = Gyp=Ly + Liby = 1.84 x 10
3E1 2E1 '
3 Iad
a,, = f‘g_, = .,960 x 10~
3EI
| P 3k 1.0156
["sz 5.336 1.02 x 107° = -5345 T x 10° 1b/in
. -lo 82’4‘ ° 960 =1 o0156 2. 9‘710 :
4 K K. ' = 0
@ ,,.( Fa 7 Fee ) + K B Kpi® -
] Mo s Rl
w = 8‘77.8 ., 27h.8  rad/sec
f = 1k ,L43.7 Hz
PREPARED BY GROUP NUMBER & NAME DATE CHAMNGE
LETTER .
HEVISION DATE
APPROVED @Y pace 1.1.2=20
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No. [

| TRADE STUDY REPORT
TITLE
wes NUMBER
‘ '\
' . -
! o Truss Structure Case T L.ungitﬁdinal
B . ’ \2 .
m, = 2.1 Ibs-sec”/in.
INSTRUMENT ‘ - k2 = 9,65 x 105 l'bB/ 1n
PAYLOAD To : o
_ - ml=5hh1bsec/in
X .
é 2 . ky = 3.5%x 10° 1bs/in
SPACECRAFT my -
2
w2 - Btk K . ﬁ_(k +k2+k2) X K,
any 2m, : oy o ny B
fl = 34 He fundemental longitudinal frequency
fp =19
PREPARED BY ) ) GROUP NUMBER & NAME OATE c.;mce
~ : LETTER
ALVISION DATE
APPROVED BY ‘ B ' | pAGEli.lo'?"zl-;'
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FITLE

TRADE ETUDY REPOAT
%0. .

.
WEE RUKBER

L
¥

o Beam Structure Case 1 Longiltudinal
' ,

end weights:

SPRING-MASS SYSTEM

The instrument support stmx%twe consists of & box beamm as shown on the
attmched sketch 20 inches d&ep end supported &t &n average 30 inch gpan
o

by the core vehicle vertical beam weba, The following are the components .

2 MSS Instruments L4o 1bs
Solar Array 175 1bs
~Structure ' 75_1bs
690 1bs

The beam ccmponent sizes incliude 0.30 in2 cap areas, 0.0LO webs and .032

cover skin. The longitudinal stiffness is: -

¥ = 1.92x 10° 1b/in  m = 1.80

1.8 lﬁs-secafin

[ m, | "2 |
k, = 1l.92x 106 1b/in
ks 2 )
l m, = 5.7 lbs-sec” /m
m 1 ]
1
L Kk, = 3.54 x 105 1b/in spacecraft
$ kl
2 B o+ . k. 4+ 'k 2 k k
W HtE o B, 3B EH LD - Bk
- 20, &y By ) ny B2
= 212,°1192 rad/sec
f = 33 Hz 180 Ez
PREPARED BY GROUP NUMBER & NAME DATE. cuau;z
LETTER
REVISION DATE
APPROVED BY pacel.1.2-22
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7.1.2.6  TQUIPMENT MODULE STRUCTURE
The equipment module gtructure as shown in the drawings of paragraph
f.1.1.6. A major part of the equipments are mounted on the honeycomb
face; the side and horizontal trusses around the sideﬁ of the module

provide stiffening and support attachement loads.

HONErCDQ%‘

BulkHEAD

FiauefF 1.1.2.6-]
EQUIPMENT MODULE

Total weight 400 1bs attached to the honeycomb bulkhead. Longitudinal

load factor 25 ultimate, ILateral load factor 15 ultimate.

1.1.2-23



) T"—@”‘E‘é— For 3longitudinal lrequency the
A B primary flexibility is caused by
. bend¢ney in members AR and axial
deformation in AD.
1 & In ApPPEok
|
é 48"
FX

Fx = 400 x 25 = 10000 lbs ultimate

Member AB

Soco 1 bs )

size of square tubes 2 inches x .10 inch sluminum alloy
stiffness assuming load applied at fitting and reacted at ends of beams

k = 1.0b x 10° 1b/in

1.1.2-24



Vertical Truss‘Member-

- Assume total mass supported at

. : end of 24" bar on forward,
e bulkhead with aree .35 in“.

T T k = 2.9 x 10° 1b/in
J H

1] N

24

‘\

t, = (6 t¢ n2)1/3



A\ = 0.1h22 wp p*

E tp3 (1 +2.21 )

wp= Wgt intensity (of eguivalent flat plate)

B 2
WP=_ abtpp = tp,P 1b/in

ab

A= o.1u22Pbl‘

E tpz (1+ 2.,21(13)

T h =1 in.

10 1b/in2
0.1 1b/in 6= 1.82 tf1/3

for E

P

‘b2P= 3.31 rf?/3

A =122 v x107
t: (1 +2.21 a )
A = 1.hee vt x 1070 \
2/3 3
3.31 t, / (1 +2.21d)
f = 3.83b : reference Machine Design Sept. 1971

g = 3.839 W W = 386/48° = 168 1b/in
1 — P e
NN

Frequencies are calculated and given in Table }.1.2.6-1 for three face sheet
thickness.

1.1.2-26



TABLE £.1.2.6-1

| HONEYCOMB  CONFIGURATTON FACESHEETS FREQUENCY
IN, £ £,

48x48 Honeycomb devided into two .032 | 10 63

rectangular 24x48 panels | .025 102 56

a = 48, b= 2k .020 ol 50

L8xl8 Honeycomb devided into four

squere 2Lx2L panels .032 75 100
a=b =2k .025 161 89

020 1k9 79

Note: the frequencies are plotted in the Figure #.1.2.6-2 which follows

f is frequency of wnlosded panel .

fl is frequency of loeded panel

1.1.2-27
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1.1.2.7 Candidate Materials

The Table §.1.2.7-X summarizes the significant properties of the

candidate materials which have application'to the spacecraft structure.

Most of the structurel sizing was based on aluminum alloy properties either
€061 or 2219 except the tubular structure used to support the Instrument
payload. In these applications the higher modulus made the Baron/Epoxy

more ccmpetefive weight wise. Since stiffness is a mejor driver in sfruc-
tural sizing, estimating the effects of selecting other materisls than those '
caleulated in sizing can be done by ratiocing the areas hy the ratio of Young's

Modulus.

{.1.2.8 Anelysis of Delta 2910 Fairing as a Load Csrrying Member
Design loads: '
Total weight 2941 1bs
Limit Load Fgctors 7
m = 12.3 ‘} engine cutoff
/ﬁlat =|6.-\5 v
n=2.9 \ 1iftoff

vaat= 2.0

NOTE: The Fairing should also be checked for the serodynamic and inertial

forces &t max ﬁL(I. These data &re not available,

Ultimete Design Loads

Engine Cut-0ff Fx = 55260 lbsl
Flat= 2900 1bs
Lift-0ff _ Fx = 12800 1bs
Flat= 8823 1bs
Nx= M + F maximum longltudingl axial load per incy in cylinder
s 27 r ' ;
N =231 1b/in Engine Cut-off
N, =192 1b/in Lift-off

] 1-1.2-29



TABLE #.1.2.7-1
MATERIALS PROFERTIES - CAWDIDATE MATERIALS

0e-z°1°1 "84

() Ftu Ffu/&) Fty
MATERIAL 6 .
1bs/in3 Ksi X0 Ksi 10° kst
o Aluminum Alloy
2219.781 .102 62 .61 Le 10.5
2219-187 102 63 : .62 51 1C.5
6061.-T6 .098 h2 A3 35 9.9
i
o Titznium
6 AL-L V ANN .16 134 .84 126 16. .
6 AL-h4 vV STA .160 160 1,0 ks y 16
|
© Beryllium-Alumirum
Be - 38% AL .076 5h.3 .TL by 31
o Berryllium Sheets .067 65 .97 ke k2,5
Shapes 067 Lo . .60 27 k2.5
o Composite
Beron/Epoxy .073 115 1.58 - 20
G(iraphite/Epoxy .056 105 1.88 - - 12
Hybrid 075 100 1.33 - 20

NOTES: {1) All properties are &t RT
(2) Composite properties based on crossply lay up of 60% @ Oo, 25% @ :ﬁ50, 15% @ 90° any other
layups will give other properties.



Fairing Dimensions:

R

Candidate Materiulz - Properties

Bgron/ Epoxy. Graphi te/Epoxy Befyllimn -Aluminum
| ' (UHM) - Alloy
P 1bs /in3 .073 .056 , | 076
E (0°) psi 30x10° 25x i0_6 -
E¥ pai 12x1d6 10x106 : '31x106
=/p o 1.6kx10° 1.7x20° 4.08x20°

# Note: These properties are for the following lay

35% 0°, 304 + 45°, 354 90°

Pg- 15102-31

up of plies:



Feilure mode of cylinder is compressive instability.

C‘ritical buckling stress is given by:

=m6'yE'Wr wmwey=1-03m_u-g¢5

(b =1 r for r 1500
TV <

Reference NASA SP 8007

CJ‘crit

1. Jpit for Graphite/Epoxy using t = 0.072

CTcrit = 3273 psi
= 231 = 3208 psi
L7
2. Oerit for Be-Al (Lockalloy) using 0.050

Cerit = 587h pei

g, =231 = 4620 psi

————p—

.050

=

3. Weight for Sheil skin only

WBe-Al = 136 1bs

1.1,2-32



1.1.2.9 Trade Study - COMPARISON OF REIATIVE SHELL

Nox

Nx

applied =1t

STRUCTURAL WEIGHTS FOR VARIOUS
MATERTALS. DELTA FAIRING -

allowable = 0.6 TE; Y= 1 - 0,901 (1 - E-Q)

1T r
@:162 £, for T <1500

(™ alloweble ={applied

Nxr

t=(’6767ﬁ:—

)

For Design condition: r=47.5 in, Ny = -é3l lb/in

Does not include max gd,condition

Material

Aluminum
Titenium
Be - Al

B/Ep

- Gr/Ep

N

10.5 .1
16 .16 -
31 LO76
12 +O73
10 .056

The function '¥°, the knock down factor,versus r/t  is taeken from
figure 2 of SP éo

from t=
materisal,

WNg
CLTE

and superimposed on the curves calculating - 1
th variable " which are function of r/t for each

7

Figure ¢»1.2.9-1 shows the relative weight function tP, shell thickness
required kimes density of material, for various candidate materials. The
BeryliumAluminum alloy is the lightest with the composites also showing
& competetive weight potential.

Pg. 1.1,2-33
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TITLE TRADE STUDY REPORT
Q. ,
SETRUMSER
;
1.2 Spacecraft Thermel Control ‘. °

1.2. l

model,

Q

.approacheso
‘  peculisr carn'plexity°

thermal model; at this point in time, was impractical.

insulation effective emittance equal to 05

Summar

weight approaches.

were evaluated to obtain minimum and maximum heat fluxes.

array emission to spacecraft surfaces was included.

and are summarized as follows:

temperature and insulation effective emittance was evaluated.

Several structural concepts have been consldered for both the Delta and Titan

The compliment of instruments being evaluated adds further m1351on

Az a result the builldup and use of a detailed comprehensive
Therfore,ieach section of thlie
| structure for an available Delta configuration was evaluated separately (i.e., instru-
ment structure, transition'ring9 module structure, orbitVEdJust stage). The intent of

this analysis was to evaldate‘thermai control requirements and determine minimum cost=

The baseline design was assumed to be &8 70°F structure temperature with an

- Heater power 88 & function of structnre:

In support of this study a detailed orbital heat flux study was conducted
-Transient and orbital average heat ‘fluxes were generated using a thirty (30) surface

The range of altitude_and DNTD eonsidered for the EOS Land Resources Missions

The impact of the solar

The details of the structure thermal analysis are discussed in- section 1.2. h

Reductions in structure heater power from pre-=study estimates have been ‘

achieved by struoture/thermal design approaches that minimize external

surface area and maximize the use of multilayer thermal insulation. Deietion

of thermal skins in the instrument aress and sdbstitution'of'insulatedjtrusses
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For a baseline requirement 7O°F structure and insulation effictiveness of

~,O5 the total structure heater power is 66 watts. Using an insulation

effectiveness of .02, which should be veadily achievable, reduces the heater

power to 28 watts, Reducing the structure temperature to LOPF gecreases the

heater power requirements to the range of 15-38 watts (range of insulation

effectiveness). Although 100 watts of structure heater pover was assumed

for preliminary solar array sizing, it is apperent that the toﬁal structure

heater power penalty‘%ill be less than 40 wattéa

Preliminary feedback from the instrument contractors indicate concurrence

with a thermally decoupled design intefféce and therefore acceptance of lower}

structure te@peratures, Maintaining the trapsition ring at 70°F should be

only a transient condition, during contact periods. A module support

structure of 4O®P is consistent with the minimum anticipafed equipment operating

temperatures. A 4OOF OAS structure is consistent with minimum propellant

temperature requirements.

Basiec Cozt Data

are given in Table 1.P=1 .

The costs of thermal control hardware were compiled from vendor quotes and in-
house manufacturing esfimatéao In addition other significant thermal cost items such

as solsr array impact and test.time‘were evalusted, The unit costs for thermel control

PREPARED BY
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Table 1 2=1
Thermal Control HArdware Costs
Ttem . Non-Recurring  Unit Cost Source
- Ccoat :
Louver $8,100. $11,700 Feirchild Hiller
. Var. Cond. $15, - 20,000 $5,000-6, 000 GAC
Heat Pipe '
. Isothermalizer - - -
Heat Pipe $10,000-15,000 $4,000-5,000 - GAC
Solld State ' 1
Thermostat $46, 300 $haT Cox & Co. a
Bi-Metallic $14, 600 $90 Sunstrand
Thermostat . _ :
Heaters T——— $10 Minco
Sking (QAO Type) e $500/FT2 GAC
Insulation $80 - 180/FT2 GAC

been given,

Review of the unit cost data in Table

cost effective a.pproach for raduci,ng

achieved with heat pipes,

heater power.

For known spproaches or qualified hardware, a single unit c@st has been gilven., TFor
items with potential development or different approaches, a range of unit costs have

1.2-1 and consideratibn of the

qnantitywxfhardware requlired for a program with several spacecraf't indicstes the follcw1ngi
o The use of varisble conductance heat pipes as opposed t6 1ouvers 18 a more

In addition better.

)

temperature control (reduced range) and higher heat rejection capecility is

o The use of a solid state thermostat is comparable in cost to a quad-iredun-'
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dundant bi-metallic thermost#t approach,
Q The use of skins i8 an expen ive epproach and should be minimized In

eddition significant weight is saved (approximately 26 /f‘t ).

oo
¢ The cost estimate for insula‘i:ion is based on the simplified OAO approach
(i.e. no mock-up or built-in‘ structural requirements). This approach will
reedily yield an effective emittance in the range of ,02 to .03.
The iwpact for heater power in terms of solar array costs are as follows:
honeycomb srray 750/watt
roll-up &rray 750-1750 /watt
The reduction in mcdule acceptance testing costs for a '?OOF + 1OOF design

versus a TO°F + 50°F 15 16K per module.
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1e2.3 Orbital Heat Flux
Transient and orbital average heat fluxes were generated for the range of

sun-’aynchronou.s orbit parameters covering the EOS_LH&mission.. External heat {luxes
consisting of d.irect solar , earth albedo and earth IR, were determined using the
orbital heat flux prograim, Seconda.ry effects such as blockage of albedo and earth
Iﬁ radiation and reﬂéctioﬁ of direct solar; slbedo and earth IR were not considered.
IR emission from the solar array to the ai:ac_ecra,ft was not considered in determining
the particular orbit at ﬁhich the worst case flux occurs; however, solar array
fluxes to the appropriate spacecra.ft modules were evaluated at the worst case orbit
condition. - and added to the external fluxes: to esta.blish thermal extremes for the

design of each subsystem moduwle. A total of 14 computer runs were made for both .

‘earth-oriented. spa,becra.ft surfaces and gun oriented solar array surfaces for . .

" the following thermal e_nv:lronment congtanks and combinstions of orbit ' parameters:

. Thermal Exmiroment Constants
 Solar Constant:  Vernal Equinox - hso BTU/HR FTZ
SR Winter Solstice - ik BIU/HR FI°
Sumer Solstice - 415 BTU/HR FI°
Albedo Constant: .30
Earth Emission: 75 BIU/HR FFF
Orbii_: Pérameters _
Orbit Altitudes: 300, 366, 400, 500 Neutical Miles (Circular)
Orbit Inclinations: 9?.55, 98.09, 98,30, 99.10 Degrees (st;uth-rreading)

Descending Node Times of Dey: 0930, 1030, 1200, 1330 Hours .

Times of Year: =  Vernal Equinox, Winter Solstice, Summer Solstice
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In order to provide flux dete for the EOS/Titen end for the two EOS/Delte
spacegraft configurations considered, a generalized 36 surface flux model was
developed. A two surface flux model was used for the solar afrayo

Figure 1.2-1 shows the subsystem module locations assumed for the EOS/Titan
and fof the two EO0S/Delte configurations (called Delta 1 and Delta 2) ard identifies
eaéh module on each spacecraft with a corresponding surface on the flux model,

Figure '1.2-1 also summarizes jthe absorbed external heat fluxes for each module locati
for all 14 computer runs and identifies the orbit condition at which waximum and mini-
mum fluxes-occuro

Sclar array emission to the spacecraft was computed at the conditions of maximum

2nd minimum externsl absorbed flux for the C&DH subsystem location on the Titan and

Soler array orbit aversge temperatures were determined for the appropriate spacecraflt
worst cese flux condition end array emitted fluxes established. éince the solar arrey
rotetes with respect to the spacecraft as the EOS travels around the earth, it was
necessarﬁ to determ;ne.the instantanszous configufation.factor between‘spacecraff and
solar array at a nurber of points in the orbit in order to obtain an aﬁerage value,
Déscending node time of day (DNTD) of 0930 and 1260 defiﬁe the extremes of solar

errey tip angle which were considered., Thus ccnfigufation factors were determined - -
for both Titen andDelté configurations, fbr both 0930 and 1200 DNTD's and at four
positions in each orbit to establish the appropriate configurafion factor between

spacecraft and solar array.

Delta 1 configurations and for the ACS subsystem location on the Delta 2 configuration.

on
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the subsystem modules.

C-2

absorbed solar, slbedo and earth IR fluxes for a skin with an O¢s=.15

Teble 1.293 lists the incldemt orbitsl aversge flux components that comprise

© the maxirum and minimm fluxes for all subsystem modules on the Titen and Delta
spacecraft. These fluxes include the direct solar, albedo; earth IR and solar
array incident heat flnieé which can be used for pafamet%iciiﬁign.studies for the

‘subsystem modules. It should be noted that the worst case flux is based on the

and (;;H 2.75. A different set of skin properties or the solar array flux could
change the condition at which the worst case flux occurs. The information
contained in Tgble l.2+3 iz deemed sufficient for the purpose of subsystem

locatior trade studies and fbf-éatablishing a baseline thermel control system for
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1.2k Sgructure Thermel Analysis

The effects: of thermal control’ heater power on averege structure temperature has
been determined for the scparate stfuctural elements thét comprise the ECS structure.
These elementa include thé subsystem medule structure, instrument support structure,
ofbit adjust structure and the trensition ring. An insulasted Delte 2910 spacecrafi
was the assumed configufation for the amlysis. This configuration was made for an MSS/
HRPI instrument compliment. Although a specific configq?ation‘was . evaluated, the

approach and results should be indicative for all configurations which may result.

Assumptions
The following aasﬁmptions apply in genersl for all structure elements :

o insulation - multilayer with effective emititence range between 0.2 to 0.5

o outer 1a$er properties - o4 = 45, € = .60

o orbit - 366 nauticsl mille; 0930 DNTD, summer solstice

The assumed thermal design of all structural elements is to provide multilayer
insulation blankets on the exterior surfaces of all decks, webs, struts, etc, thus
eliminating the need for lerge sreas of skins in such locations as the instrument
gtructure. The outer layer of insulation consists of a soft shield {(eluminized
Kapton, Kapton side out) which provides a relatively stable thermal coating.

' Adjacent structural elements are assumed thermally isolated from each other and
from the particular component supported., i.e., instruments are conductively decoupled
from the instrument strﬁcture, subsystem modules are decoupled from the module structure

and RCS engines are decoupled from the orbit adjust structure.
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Figures 1.2+«2, l.2=3 q 1. E-hrespectively show the heater power versus

structure temperature for the inst , ent support structure (MSS and HRPI instruments),
the m;dule structure and for the orBit edjust structure. Sketches included in each

_ figure indicete the.ccnfiguration analyzed, the overall dimensions and the assumed
adiabaﬁic interfaces. Figures 1.2—ﬂ and 1.2-6 give similar informetion for the
assumed transition ring configurations for the Delta and Titan vehicles, respectively, -
Both baseline and preferred 4ransition ring concepts are shown in each figure. In each

e

prefbrred concept, all exposed aurfaces except those actually meking comtact are

insulated on the exterior. Exposed areas are assumed coated with a thermal finish with
an ®/ = 1.0 but individual ol and € adjustable, Effective emittance of the insulation

.was treated as a parameter,

Structure Heater Power

The relatively benigh thermgl enviromment for the EOS structure in the low aititude.

sun synchronous orbit coupled with the relative high o /€ ratio sassumed for the

. structure exterior coating results in adisbatic exterior surface temperatures in the
order qf-hanfo'+ hOOF,.which in turn result in warm structure teﬁﬁeraturea with ohly.
modest amounts of heafer power, Strthure_heater power has been_fnrﬁher feducédﬁby min=
imizing surface areas suck as by eliminating instrument closure skins and subétituting |
a strut supported deck. Thislapproach results in significant cost aml weight savings
based on data preseﬁted in Table l.2-1 for thermal skins. Howevef, witﬁ this concept,
the.instrument packsge is thermaliy.decoupled from tﬁe'structure and must provide its
own temperature control. Preliminary coﬁtact with instrument vendors indicate the

insensitivity of instrument temperature to aupport'structute temperature thereby con-
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confirming suitability of this design approach. The results of the siructure heater
power study are summarized in Teble 1.2-2, which shows the total heater power required to
maintéin the structure at TOoF with a very modest blanket effective emittance velue of
.05, is 66 watts. This heater power can be reduced to 28 watts.by obtaining hetter

1]

blanket performance (effective emittance of .02). Providing a colder structure tempera-

ture of 40°F (the minimum value required by the RCS propellants) reduces the heater power

range to 15-38 watts.
| TARLE 1.2-2
SUMMARY OF STRUCTURE HEATER PCWER - DELTA CONFIGURATION

(1) HEATER POWER (WATTS)

Structure Temp = 4o°F Structure Temp - 70°F

Structure -
Component €ere=.02 | Sree=.05 | € pees.oo € prez.05
Subsystem 5 14 11 27
Module
Instrument

- upper deck 1 3. 2. 6

- lower beam 6 15 10 23 .
Orbit AdJjust 2 5 Y 9
Structure

. ga)

Transition Are £ 1 L1 1 1

TOTAL 15 38 28 o 66

(1) Based on alum. Kapton outer shield ( o] = .45, € = .60)
(2) Delte Preferred - six fittings

1.2.5 Pature Effords
During the next study phase an integrated structure comprehensive thermal model
will be developed to refine the analysis (i.e., thermal gradients) and verify the

the approaches. The impact of other missions will also be considered.
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TARLE L.2-3 |
| EOS WORST CASE INCIDENT FLUX SUMMARY
B ! ; ‘ N
|
INCIDENT FLUX MAX/MIN _ (BTU/HR FT2).
| SURFACE RO.| SOLAR(S) ALBEDO(4A ) [EARTH iR(E I_’ADDLE(P) S+h E+P
L 10,8/17.1 | 34.1/30.8| 62.9/56.7 ‘fofo. kh.9/47.9 | 62.5/56.7
5 141.5/109.4 o/o 0/o 0/0 141.3/109.4  ° 0/0
10 1k.9/0 9.3/5.4 | 17.6/15.1 o/o 24.,2/5.4 17.6/15.1
13 184.1/0 9.0/8.1 | 17.6/15.1] 70.5/68.5 | 193.1/8.1 | 88.1/83.6
27 5,4/0 20.1/12.3 | 36.9/31.9 ofo | 25.5/12.3 | 36.9/30.9
28 i 76.2/0 2.6/1.2 %.9/3.6 o/fo - | 78.8/1.2 %,9/3.6
.29 206.4/68.0 | 2.6/1.9 L.9/3.6 | 6.9/7.9 209.0/69.9 { 11.8/11.5
30 112.5/8.6 | 17.2/17.3 | 35.1/31.9] 18.5/7.9 129.7/25.4 | 53.6/39.8
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JLUK MODSL SURPACE ID ' BoERL ABEERD Bt AR (1) (om/m vf)
IESCERTILI0 :
FLUL RUW NOUE TDE AT, ’
FLUX_MODFL SURFACE KO, M, OF_DAY 8EASCH (W) PBURFACE L SURF 3 8P 10 mﬁf}mgz SURF 28
TTEAN DEETA 1 | DpELTA 2 1 930 Var. Bq. 36 %.0 (GEL) .o bo,9 28,5 3.9
2 1030 " - 2.2 19.0 FURA 20.6 28.9 5.k
10 27 28 | w "
3 2o " _s3 208 16 6 30.2 1h.2
13 3 1 fu3) 1m0 = VN TN %2 L 19.0 0 306 Wk 360 . 26.2%
4 ¥ 4 5 0930 - 26 s32 16k 154 4SS - 29.9 L5
6 1200 LR a E@ 20.h 15.8 15,8 fas] s
T 0930 " koo Si.b 16.b 13.6 ho.7 27.7 3.6
8 1200 " a 5.6 20.% w0 1.0 29.5 13.9
9 0930 " 0 W7 165 .9
10 1200 " " 208 126 (24) 278 1.2
n 0930 Win. Bola. 366 2,2 6.9 . 1h.2 28,5 3.9
12 @eo . ° " 2.7 [ a7 17.1 29.9 13.0
13 0930 Buwm. Sols, " 51.8 17.2 1.3 35.0 28.6 1.9
% g‘ b 1200 " " w=.2 19.8 .6 0.6 {354
o & (1) Orditel dvg saler, elbeds axd enrth wnisaton mbesrbed by ourfece WAYRSGs .15 evd &y =.79
8 = (2) Additicunl Solar Array Flux required far tho gurfess.
) ; . (3) 1330 orbit hour angle not eonaldsrcd Loy design
L vy Maz Abg. Ext Fiux
= g (T min abs Ext Fiux
E 3
7] Fig. 1.2~1 EQOS Subsystem Module External Abs. Heat Flux
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1.3.1 ~ Attitude Control
¢ 1.3.1.1 Requirements

The basic requifeménts for the'ACS are summarized in Table

1.3.1=1 The range of external disturbance torgues results in tﬁe need
for different sizes cf're&ction wﬁeels and megnetic torquer b&rs.- The
rapgé of missions ~ from Earth pointing to Stellar and from low to
geosynchronous altitude - results in the need for the update sensors to be
capable of operating at low altltude orbit rate, geosynchronous dltitude
orbit rate, and at zero rate. Modal requirements are repeated and expended
in Section ~ 1.3;1.6,'under modal operations.
1.3.1.2 Alternative ACS Configurations

Based on the ACS requirements as given in Table l.3.1ﬁL,
tﬁree candidate ACS configurations were established: l«;-meets requirements
lower than baseline (0.05 deg attitude accuracy end 3 x lO-urdeg/Sec .
angular rate stability), 2 ~~meets baseline requirements (0.01 deg
aﬁtitude accuracy a.ndIILO"6 deg/sec angular fgte staﬁality), and 3--meeis
requirements higher than baseline (0.002 deg attitude accuraéy and 0.2 x 10"6
deg/sec angular rate stability). _These ACS configurations ére éﬁﬁmﬂrized in
terms of components, cost, weight, and performance in Tables . 1.3.12, 3, and k.
The components thét change with configuretion are the sensoré(rate ZYyTos ,
startfackers, and earth sénsor) and the-associated_;oftware in the
C&DH OBC (which is not included in the component listings). Each configuration
has 3 different sizes of wheels and bars: size 1 for spacecraft up to
approximatély 8500 lb,‘size 2 for spacecraft betweeﬁ 8500 and approximately
17,000‘15, and size 3 for spacecraft betweén 17000 and 25000 1b. The size
‘1 magnetic torguer bars Qré‘ﬁﬁéﬁ"ﬁith_the size 1 reaction wheels; similarly,
4for siéeslz and 3. 'Whénévei posgible,;” the components selecté&;éie‘spéce |
- qualified, and wheﬁ not space qualified are presently in development.

Pg. 1.3.1-1



The capability to handle solar and stellar missions in addition to the
earth pointing missions is pregent in ACS (mfigurations 2 and 3 but not in 1.

The capability of the ACS Configuration 1 exceeds that of
the ERTS-A. This system is the least costly, complex, and versatile.

ACS Configuration 2 is the baseline design, in which gyro control is
normally maintained, with updates using a fixed-head star tracker.
Extensive use is made of the C&DH OBC. This system is of medium cost,
complexity, and versatllity. The range of missions capable of being
gatisfied include earth-pointing, stellar, and solsr. In ACS Configuration
3, a gimbaled star trackér having high resolution and accuracy is used to
achieve the highest accuracy obtainable within the current state-of-the-art.
Candidate gimbaled stexr trackers are the TRW proposed (unqualified) of |
PADS, the Bendix Skylab, and the Kollsman Instrument (CAO~type). Both

the Bendix snd Kollsman gimbeled star trackers are space qualified but
require modifications to incorporate high-resolution angle resolvers.

The three ACS configurations are compared on a cost, weight,
and performence basis in Table 1.3.1-5. The costs and weights vary with
the use of different-size reaction wheels and magtorquer bars. The weights
for ell sizes remain below the 600 1b prescribed in the requirements of
Table .1.3.1-1. The recurring cost varies from 0.638 $M (ACS Config 1,

gize 1) to 1.370 $M (ACS Config 3, size 3).

Pgo 1.3.1'3'2



1.3.1.3 Selected Configuration
The selected configuration.(Tﬁble .1.3.1-3) is adequate for the earth-pointing
(léw ;nd geosychronous orbit altitudes), stellar/inertial, and solaf missions in most
respecﬁs. Sensors are availaﬁle in flight proven design with adequate accuracy and
)
sensitivity. Reaelion wheels providing up to 8.5 fi-lb-sec and 6 in-oz torque have
also been flight qualified. These wheels can be easily qﬁalified.to 20 ft-1b-sec -
~and 15 in-oz with minimsl develcopment cost/risk. larger wheels capable of 50-100
ft-1b-sec énd 25-50 in-oz are under development and would te available for those
missions requirﬁwj them. The concept of providing the ACS control algorithms as a
mission peculiar software program to be processed in the OBC is viable.
Uée of & single FHT ﬁith magnitude threshold at approximately 3.3 to provide
sufficiently frequent updates to keep gyro drift less than 2.2 §é§/20 min is feasible,
—However, at synchronous orbit with the same magnitude fhreshold,é single FHT may not
have sufficient guide stars avqilable:to permit an update every.zo,minuteé. Considerat-
jon should be made to {1) increﬁsing FHT sensitivity, (2)-using additional FHT (s)

with different view angles, and (3) using a gimbaled star tracker to provide more

continuous coverage, The latter approach is costly.

A description of each component in the selected ACS configuration is given in the

following paragraphs. A tlock diagram of the system is,given in Fig. 1.3.1-1,

(1}. Coarse Sun Sensor

' . ) C L
Sun Sensor information is required along two axes, namely the axes which lie in
the plane of the solar array. During acquisition, the sunsensor provides Lr steradian

coverage so that the sun can be acgquired from any orientation of.tﬁe vehicle. Thé

H +
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coarse sunéénsor system proposed is the Bendix WASS moael #1771858, as described in
Figs. 1.3.1 -2A and 2B. The wide angle sun sensor field of view is considerably
in e#cess of & hemisphere so that two such units would suffice for acquisition over
the full sphere withoﬁt precise aligﬁment. The‘unit consists of a basic four-guadrant
set of photocells arranged in dual opposition, and & set of peripheral cells for angles

far off axis. The output signal is analog. The specifications for the sensor are as

follows:
Output 0 to 5 milliamps
Tmpedance Load (External) 100 ohms
Sensitivity - Null 0.20 ma/deg
Temperature Range -70°C to +50°C
Weight . 2.5 0zZ.

This  component is fully spece qualified.

(2} Digital Sun Sensor

The fine sun sensor proposed for EOS is & high-resolution digital solar sensor
with an accuracy exceeding 1 minute of arc and a field of view of 32 x 32 degrees.
The resolution of this device is 1/256 degrees, or 14 arc seconds. The Digital Sun
Sensor is used during initial acquisition, and for gyro updete. The basic principle
of its operation is shown in Fig. 1.2.1-3. A gray-coded pattern on the bottom of
& quartz block scre€hs light passing through a slit on the top of the block to either
i1luminate or not illuminate each of the photocelis, The angle of incidence determines
which photocells are illuminated. The photocell. outputs are amplified and presence
of & "1" or "0" is stored in a register to provide the output for use in the attitude

computer as well as in telemetry. The unit is fully space qualified.
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'(3). .éyro Assembly
The Gyro Assqnﬁly functionally outputs three digital 16-bit words proportional
‘to the input inertial rates. The assembly consists of an orthogonal triad of rate-
integrating gyros configured for closed-loop (rate) operation. The gyro triad is
hard mounted_tolthé‘véhicie §b that the gyro input axes are cdlinear_with the roll,
piteh and yaw axes of the sfacecrafﬁ. |
| They Gyro Assembly is configured around the Bendix 64 PM RIC single degree~of-
freedom gyroscopic sensing unit, The gyroscopic uniﬁ incorporates a hydrodynamic
spin motor (wheel) within‘a cylindrical float which is supported (suspended) by a
self-contained, hydrostatic 1liquid bearing. | |
Essentially; the Z0S unit is a derivation of the 25IRIG. The angular moﬁentum
of the unif is changed ﬁ& raising the wheel speed, Thé basgic techniques successfully :
used to produce the 25IRIG haVe bheen applied to the develdpment and production of the
proposed EOS Gyro, including its derodynémic Wheel Gas Bearing, thg Hydrostatic
Gimbal Liguid Bearing, the Torquer, the Pickoff, and the Fluid. \
The unit will require a qualification program to satisfy EOS needs. The

significant performance‘features of the gyro agsembly are given in Table 1.3.1-6.

\ 1.3-1-5



(4) Fixed Hesd Tracker

The Fixed Head Tracker (FHT) provides attitude sensing information for attitude
determination and gyro assembly updete., The FHT is built by ITT and is based on
their existing Fine Guidance Error System which has successfully flown on over
seventeen Aerobee rocket flights; and is presently being modified for the EIMS
program, The FHT consists of the following subassemblies:

o Star Aspect Sensor (SAS)

o Power Supply (PS)

o Bright Object Sensor (BOS)

o FEarth Albedo/Sun Shede (FEA/SS)

The FHT provides two-axis star position signals for identifiable stars passing the
through the field of view, The FHT also provides data such as relative star bright-
ness and sensor temperature to enhance the determination of space.vehicle attitude.
A functional block diagrem of the FHT is presented in Flg. 1,3,1-4,

The FHT has two modes of operation, a TV-type search scan and.a star angle
detection track mode., In the search mode, the search track generator produces &
gstep scan in which the output of the image dissector tube is monitored for presence

of a target star. The brightness range of the stars which may be tracked is determined

by ground command, in that the tracker's sensitivity can be changed in one-star-magnitude

i.3.1-6



inerements over four steps. Upon the detection of a star brighter than the minimum
zet threshold level, the tracker automaticelly switches from search to track ﬁode.

A cross-scan sweep is employed which in turn produceé 8 pulse-width-modulated video
signal., Demodulation circuits produce a signal which maintains‘the cross scan.cen~
tered on the target star., The angle between the electricai null and the target star
is'géﬁerated by sampling the image dissectors' deflection coil cuirents. -As move-
ment between the target star and the spacecraft 6ccﬁrs, the FHT automatically meih-
tains the center of the cross scan on the target star as long as it remains in the
8° field of view, Upon loss of the target star, the FHT will auvtomatieslly switch
to the search hode until the next suitable star is acquired. The FHT can also be

commanded to switch from track to search mode by ground control.

! The shutter is built into the FA/SS which is operated by the BOS. A power-
reduction circuit is inecluded to reduce the power dissipation of the FHT when the
shutter is operated. This reductioﬁ will be in two areas. The_SAS‘will be shut
off whenever the shutter is closed, and the voltage to the shutter solenoid will he
reduced after the shutier is closed. The BOS will be operationai shortly after the
éhroudiis Jettisoned in order to protect the FHT. The BOS will be capable of being
powered on and off vie ground éontrol and %he shutter is designed such that = fail=-
ure in;operation will fail open.

E {
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AwThe‘present SAS is a pressurized unit which eliminates the problems associated
with high voltage breakdown and outgassing from potting and encapsulating material,
The image dissector tube being used is an electrostatic focused FW 143 with an S-20
photo cathode, The unit will be qualified in the EIMS program.

The startracker will be mounted inside the ACS module with the startracker
sunshade entirely inside the module and flush to the top panel. The tracker will
be tilted 45° from the spacecraft -2 axis (anti=earth) to the right in the ZY plane

toward the +Y axis. For a 9:30 AM to 12 Noon orbit, the sun will be 45° (during

!
earth-pointing) at its closest (in the case of & 12 Noon orbit). For afternoon orbits,’

the spacecraft is yawed 180 degrees, and the sun would be no closer than hSO from

the startracker null axis in this case also (12 Noon orbit).
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The significant performance features of the FHT are as follows:
) s . ‘ } .

e Star Threshold
The SRA has four commandable threshold levels. The FHT operates

normally when the target stars are within the minimum and maximum'taﬁge

described as follows:

Miniﬁum star; 45.30 visual magnitude, Gb V or bluerAépectral class

Méximum star;-42;0 visual magnitﬁde, Gb V or réddgr'épéctral-class
The minimum star detectability will nof vary by more\than + 0.30  
magnitudes across the'entire:search field for each of the coﬁmandaﬁle
threshoids listed'below; _Thetminimﬁm'intensity or star.signai whichk
cankbe tracked shall be adjustable on-orbit.fo 2, 3, 4, and 5 mégnitude
ievels. |

@ Star Motion

A target star moving through a field of view at angular fétes as

-1ar§e as 0.6 degrees per second is acquired and tracked for_éllrstér

brightness levels indicated abbye.

o Search Period

The maximum time required to search the total field of view is_

less than 2 seconds. The probability of successful acquisition of

an acceptable target star is greater than .90 for any one search

period.
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@ Noise Equivaleqt Angle (NEA)

The short term deviation of the output star position signals, while
‘obsérving the minimum detectable target star which isstable in both
angular p031tions in the field of view and in irradiance, has an rms

value of 22 arc seconds or less when the bandW1dth is 4.0 hz,

@ Calibrated Accuracy

The repeatability of variations in gain, linearity, and dis-
tortions in responée to all'envirdnﬁeﬁtal aﬁd fﬁnctionqlfparameters
(such as temperature, magnetic field, star-intgnsity, and position in the
field of view) are sygh that the true position of the étar with respect
to electricai zerd can be,determine& wiﬁh a one standard deviation
error no greater than 20 afc seconds, accompiished by applying correction
factors to the output éignals. The factors for corréétion df the éffects
of temperature magnetic field, star intensity and position in the field
of view are measured on each FHT during manufacture. Thermal “hysteresis
effécts, if present, are correctable with an additional correction factor,

but all efforts are made to keep them to & minimum. The Star sensor accuracy

ag a function of various parameters is given in Table 1.3.1-7.
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(5) Electronics Assembly

The FA proposed by Tthaco, Inc. contains the major portion of the control

system electronics. It has within one envelope the following operations:

©

o

s

o}

Signal conditioning .
Analog Processor

Wheel Drivers

Magnetic torquer drivers

Jet drivers

Magnetometer electronics

The EA will be made in a modular arrangement of electronic cards in metal frames

wilth inter-connections made by & wiring harness, The unit requires a qualification.

program to satisfy EOS needs.
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L) Reac rion Wheels

The Bendix N&C division has been selected for the proposed reaction

wheels. The size 1 wheel will be similar to the one flown on QAO, which is space

quelified.

Reaction Wheel Desizn

The RW is a hermetically.sealed unit filled with an inert gas mixture
of 98% helium and 2% oxygen. This combination offers "« low density/
low windage drag a&vantage-és-wéll ﬁs an accurate 1eak_réte measure-

ment. BW leak rate measurements are made by Bendix during component testing.

The RW bearings are siﬁgle—row, ddublé-éﬁiélded, deep-groove type,
with a two-piece ribbon cage. The ball and raw matetial“afé AISI-.
52100 CEVM chrome alloy steel - The béarings shall be R-iO size,
tolerance class ABEC-7, lubricated with 25 mllligrams of Type SRG-40
minér&l oil. Because the reaction wheel runs through Zero Speed, and,
therefore, cannot generate a hydrodynamlc film for a portlon of its
operating speed range, the bearings will be 1ubricated with excess oil’
(in this case 25 mg). This provides additional assurance that the wheel :

will operate satisfactorily in the region of lower, film thickness.

113- 1-12



The configuration incorporates labyrinth seals adjacent to eacﬁ
bearing to control the fate of 1ubri¢ant'evaporation‘in;thé eQent;of
failﬁre of the housiﬁg as a sealed enclosure. To supplement Beafing‘
lﬁbricant, sintereé ny10n.oil reservoirs, impregnated withktﬁe ;earing
‘lubricant,'are'positioned adjacent to -each bearing. Sacfificial
evéporation of the lubricant in these reservoirs maintains the vapor
pressure of the lubricéﬁt in the eveﬁt of seal failure.

To ménitof temperature of the RW, a thermistor is m@unted adjaéénf
to the Bearing on the motor stator side. This location, due-to'stétor

‘generated heat, is the hotter of the two bearing locations.

1.3.1-13



t_ij M@.@étometer =
The magnetometer operates on the flux gate principfe. The probe is

exci";:ed with a 2000 Hertz signal. The probe output coﬁtains even
harmonics of 2 KHz. whose amplitude is proportionel to .the vector
component of the magnetic field aligned along the probe axis. The
probe contains a very thin siiver of magnetic material which is the
core of a transformer. One winding of the transformer is driven
by the 2 KHz sine wave. The presence of earth's steady dc field
saturates the thin sliver of magnetic material, and the resulting
ac magnetic fileld,which is sensed by a second windiﬁg on the trans-
former, is distorted and contains & large second harmonic component.

The phase of this component in relation to the 2 KHz drive signal is

@ function of the direction of the earth's steady field, A block diagram

- of the magnetometer is shown in Fig., 1.3,1-5. This unit is space qualified,
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1.3.1.4 Soler Array Direction Reversal

lAssumihg:tﬁe use of a flex-lead rather than a slip-ring type of
.solar array &rive pnit, réquirements are imposed on the solar array
drive unit during its negative angular velocity phase which occurs in
the dark portion of the orﬁit. Ihe requirements are as follows:
(1) solar arréy-drive torque in excess of friction < 0.005
ft-1b (or 1 1ﬁ-oz.) |
(2) ‘magnitude of the soiar array anguiar velocity relative to
' t_ﬁe spacecraft € magnitude of [(-0.26(200/I)+0.06)],
deg / sec, where I 2 inertia of solar array about solar
array drive unit axis. o | | |
These requireménts ensure (1) that the torquesl.appiiec.l to the
spacecraft by the solar array drive unit do not exceed the torque
‘.q capability of the lowest-size reactlonwheel (2 in-0z), (2) that the
momentum change required in reVersing the directlon of the solar array
is within the momentum capability of the lowest-size reactionwheel
(2 ft-lb-sec),~(3)rthat the time required for the sqlér afray to |
completely return to ils position at sunup is less than the time 
Hayailable‘(approximately 33 ' minutes). |
The operations can be performed as follow&{At:sunup, the array

is driven at a positive rate from a position in which the array is normal
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to the sunline., The positive rate remains fixed at approximately 0,06 deg/sec with

corrections as needed using an array mounted solar sensor. At sundown, the solar

array is driven at constant negative rate of approximately 0.18 deg/sec, so that

when sunup occurs again the solar array is aspproximately at the desired orientation,
From the ACS standpoint, it is desirable that the solar array be driven con-

tinuously in one direction and as smoothly as possible (not in stepper motor fashion),

so that the spacecraft 18 not perturbed.
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1.3.1-5 Candidate Components
* The basis for'ﬁhe selection of components in Seetions . 1.3.1-2-
and 3 1s the set of components listed in Table . 1,3.1-8. In this table,
the sellers of a pa.rticu;l.ar type of component are listed, along with the
model number, qualification statﬁs, range of operation, weight, power and

cost.

1.3.1-6 Modal Operations
The eQuipmen‘c and sequence of opera.ticmé in each mode is a function
of the requlrements of each mode. Modsl operations are described in Table
.1.3.1-9. including a listing of the ACS sensors and actuators used in

each mode.

Pgn 1.3-1-17



Table 1.3.1-1 Basic Requirements For The ACS

ITEM | REQUIREMERT
Missions | Earth, stellar, solar
Mission lifetime : 2 years operations plus 3 yrs survival
Altitudes . 300 to 900 mmi & geosynchronous
Spacecraft welght -~ 2500 to 25000 lbs
Spacecraft inertias 500 to 100,000 slug-£%
Spacecraft external . 300 %o G0 pmi = .4
disturbance torgua . cyclic peak 22x10 "and <€ 0.2 ft-1b
average $ 10" and € 0.1 ft-1b

fleosynchronous altitude:
10% of the valuss given for 300 to 500 mmi

ACS Modes Acquisition, slew (single-axis), Imertial Attitude
Hold, Earth-oriented mission, Stellar Mission, Solar Mission,
Survival, Orbit Trim, and Orbit AdJjust.

Also mey require SREM burn.

T D U _ S

Acquisition Mode . Separation rates €
{ Final attitude <€

1 deg/sec
2 deg
. Final anguwlar rates ¢ * 0.03 deg/sec

| Slew (single-axis} Slew engle < 90 deg. Accumulated error g ¥ 0.03 deg.
Mode Rate of slew 3 2 deg/min

0.03 deg/hr
0.003 deg/hr

Inertial Attitude ' Drift before ipn-orbit calibration Z
Hold Mode Drift after in-orbit calibration <

14 1

Earth-oriented Point yaw axis to earth centroid
Mlssion Mode Orbits: (1) sun-synchronous (9:30 am - ;2 Noon) circular
300-900 rml
(2) geosynchronous
Puinting accuracy/axis < 0.0l deg
Pointing stability/exis:
(1) average rate deviation over 30 min < #+ 10
deg/sec
(2) attitude jitter relative to average baseline:
up to 30 sec <+ 0.0003 deg
up to 20 min <+ 0.0006 deg

In-orbit calibration acceptable

-6
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'gable 1.3.1-1 Basic Requirements For The ACS

(continuation)

ITEM

 REQUIRRNENT

. Stellar-Mission

Mode

Time interval & 1 hour ]
Pointing accuracy/axls < 0.0l deg
Pointing stability/axis: '6 |
(1) average rate duration over 30 min < * 107° deg/sec
(2) attitude jitter relative to average baseline
<+ 0.0006 deg
With perfect instrument error signals: -
(1) Polnting accuracy/axis < + 3X10°
(2) Pointing stability/axis:
attitude jitter relative to average baseline
<2107 deg

.Burvival Mode

Solar array A sunline < 1 7 deg
Angular ratefaxis < 0.05 deg/sec
Time: continuous. Relisbility: 954
Support Shuttle resupply and retrieval

ACS Interface

Instrument: have capability for using Instrument pointing
error signals

Pneumatics: send on-signals to jets

C&DH OBC: send signals to C&DH OBC & receive signals
from OBC ' S

ACS Cuﬁoff Frequency

- Approximately 0.1 hz

Reaction Wheels

Number of selectable units g 4

Interchangeable electrically & physically

Magnetic Torquers

| Magnetic field at external envelope of

ACS medule ¢ 0.1 gauss

" Dimensions 48" x 48" x 18"

ACS Module
Welght <€ 600 1bs
- Power < 150 watts
Mass Expulsion ‘Two torque levels for on-orbit operation:

[1) high tarque for initial stabllization, orbit adjust,
& backup for reactionwheel in survival mode

(2) low torque for backup momentum unloading of
‘reactionwheel and possibly a backup for reactionwheel
in pointing  mode

In case SRMs are used, a third level of jet torque is

generally required.

Pg. 1.3.1-19
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Table 1,3.1-72

ACS Configuration 1

3 Magtorquer {)a.rs (size 3

|
|
i

COST, $K WELGHT
COMPONENT NUMBER/ i KON- FACH EACH PERFORMANCE
SPACECRAFT  RECUR | RECUR LB,
Coarse Sunsensor (Bendix) 2 5 2 0.156 - FOV + 90°, 2 axes ,
Digital Sunsensor (Adcole) 1 i0 4o 5 FOV + 32°, Accuracy 1 ,
18" 1k &
Rate Gyro (Bendix) 1 10 Lo I T.05 . < 1°/hr
Farth Sensor (Quantic) 1 , 100 125 s 0.02 deg
Magnetometer {Schoenstedt) 1 6.5 + 1.0 gauss range
Electronic Assy (Ithazo) k) 13
Multiplexer (Hughes) 2 0 g2 0.5
Decoder (Hughes) 2 0 10 - 1.0
Reactionwheels, size 1 (Bendix) . 3 10 30 :11.3 h = 2 ft-lb-sec, T=2 in-oz
" " oo " i 3 {10 ho 120 h = 8.5 f4-1b-sec, T = 7.5 in-oz
" t ] 3 f 100 60 ‘20 h=25 " o0 T =25 in-oz
Megtorguer bars, size L (Ikhaco) 3 ' |10 2 m = 45,000 pole=cmm
2 3 | ‘50 m = hso 0C0 1"
" " 3 " 3 _ 112 m=1"L 500 000 \
i 7
Set: 1 Magnetometer sLElec, Assy, [ 370 193
: 3 Magtorquer bars (size l)
Set: 1 Magnetameter, 1 Elec. -Assy, Lo 229
3 Magtorquer bars (size 2) (1) : 1
Set: 1 Magnetometey,l Elec.Assy bk 265( )

Notes:

(1) Bars cannot fit im ACS moditte.

for comperison purposes only.

BEstimates provided
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. T ! { ' . '
COMPONENTS. | wo/sc CORT (EA) | WEIGHT . PERFORMANCE
| | NON-RECUR! RECUR |  (EA) '
- : :
Coerse Sunsensor (Bendix) | 2 5 2 i 156 FOV # 90 éeg , Z ages
:Digital Sunsensor (Adcole)] 1 10 Lo 5. LSB 14 Set;  accurmcy | wwm;
: ‘ [ FOV #32°
Rate Gyro Assy (Bemdix) | 1 | 650 235 | 15,0 | .003°/m (T0C)
'i‘ixed Head Stestracker 1 Lo 43 17.0 Eov 8 deg ircutar
.| LTTT) . ACcurasy 20 sec ( compensahnd)
* Magnetometer (Schoenstedt)| 1. 6.5 Rapge 1\ gauss
* Electronics Assy(Ithaco) 1 13
{
;Muﬂifltxef (Hughes) 2 - 62 0.5
: !
. Decoder (Hughes) 2 L 10 1.0
Reactionvheel (Bendlx gize)) 3 ™10 T30 11.3 H= 2 ft-1b=gec, T=2 in-0%
Reactiomwheel ( u  ,szed 3 16 5 20 H= 85 Albses , T=7+5 inoez
Reactionwheel ( 4 ,se® 3 100 &0 22 R=25 $ilb-sec , V=25 in-aZ
*|Torquer Bar (Ithaco  size !} 3 10.2 M= 145,000 pole- crm
Torquer Bar ( w _ gized| 3 50 | H&_SO,OﬁO peie-Cm
- [Torquer Bar ( & s';zg'3J 3 oz A =, 500,000 “pele-cm
%18t 1 Magnetometer, ' | - — '
1 1 Electyonics Assy, 370 193
3 Magtorquers (size 1)
Iset: 1 Magnetometer, ' 422 229
1 Electtmics Assy,
3 Magterquers (siz¢
s M e t : 65
.'Set || E?%::-ste Afs:;u, . : Ty zes
.J___L_"B‘j_u_':}nﬂs caize 3



-B&

Zz-1e’1

Takle 1.3.1=k ACS Configuratian 3 B

COBT
COMPONENTS NO/ sc BON-RECUR RECUR WEIGHT PERFORMANCE -‘
_ o R
Coerse Sunsensor (Bendix) 2 5 2 .156 FOV + 907, 2 axes
: - 3 _
Digitel Sunsensor (Adcole} 1 10 L2 5 ISB 1L Qc. Awuwg 1nTu,FOV;!;32°
Rate Gyro Assy (Bendix) 1 650 . 235 15 Randen dmft 0.0z Fhe (TOC)
Gimbaled Starfwcker 1 500 500 50 Girmbal i’mw\'__\ +45° ( 2 ates)
FOV = 30 min _
Accuroc, 5§ Sec
Magnetometer {Schoenstedt) 6.5 Rowge ={.0 gauss
1l
Rectronics Agsy (Ithac) i 13
Muttiplexer (Hughes) 62 0.5
Decoder (Hughes) 2 10 1.0
Reaction Wheel (Bendig size |) 3 10 30 11.3 H=2ft 1b see. T=2 in vz
Reaction Wheel (Bew, size 2)| 3 10 40 20 H=8.5ft 1b sec, T= 7.5 in oz
Reaction Wheel (Bendix, size 3) 3 100 60 22 H=25ft 1b sec, T=25 in oz
Torquer Bars (Tiuce size )] 3 10.2 M= 145,000 pole- cm
Torquér— Bars ([Haco,si2¢ 2) 3 50 M=h50,000 pole- tm
Torquer Bars (Lthacsze 3) 3 nz M= 4,520,000 pele~cm
Set: 1 Msgnetometer,
1l Elect
3 Magtorquers{size ) 370 193
Set: 1 Magnetometer,
1 Electrenics Assy,
% 3 Magtorquers(size.2} Lpp 229
Sex. i ¥ o
17 (l ?1? ;:c."-?{f:eﬂf{”.‘i- l L7k 265 B
L 3 Mcxg_‘f'nr%uefsf.sge 3
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~ Tablel.3.1-5 Comparison of ACS Configurations

T - T %
f I
_ HARDWARE COST, $M, ’; |
ACS _ i PER SPACECRAFT WEIGHT | SYSTEM |
CONFIGURATION i : SPAg%gRAFT 5 FERFORMANCE é COMMENTS
.| NONRECUR RECUR I ; i
: ' - + '
| ? ! ;
1 ' Bize 1: Size 1: Size 1: ; 0.02 de | Performance is not as
(low cost) : 0.615 - 0.638 1 3 x 107 deg/sec i good as for Config.'s
. Bize 2: Size 2: Size 2: o } {2 & 3. Requires.mo;e !
0,887 = 0.704 20 _.,i ground processing. - .
8ize 3: ! Size 3: gize 3: a
0.719 .~ 0.800 T L82
. [l .
i ' 1 B .
2 Size 1: . Slze 1: { 8ize 1: - 0.0 deg/ Performance specifi-.
(baseline) : : . 1070 gdeg/sec cations are met.
1'985 0.751 i 124 : Celibration of star-
Size 2: Size 2: ' Bize 2 . tracker is done in
LT 137 0.817 T 270 ' OBC.
| size 3: Size 3: ! size 3:
| T 1.279 0.913 ! —1@3
z ! :
T J —
3 Size 1: Size 1: ! glze 1 o, deg Pointing performance
'(expaigigti ) 1.545 | 1.208 157 1070 geg/sec t;a:mp;ovegfzeyq;d
ca; i : o . 2. '
pe ®%)  gige 2: . gize 2 Size 2 of Contle
1.597 1.27h 303
Size 3: ¢ Size 3: Size 3: :
L7399 . oz 5




TARLE 1.3.1-6 PERFORMANCE OF EFNDTX 6% PM RIG GYRO
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' Teble . 1.3.1-7 Star. Sensor Accuracy

Error Source R . Value, arc-sec (1 &)
Without  With
Corrections
Temperature - | | o % 12.0
Mag Field o | 30 6.0
Field Repeatability - - - 10 10.0
Hysteresis | e ._ ‘ S 2.0
Log Efror - Trk 1loop Y Bardwidth Y% hz ' "2 | 2
- Erppr:ﬁmp ‘-'_ e 4 | | 4
NEA R A R X X
Total (1§ ) (prelauncﬂ) .  ' - ' A. 18,4 arc-sec ¥
Null Shift (due to iaunch) - ..' _ : i0.0 SN
ﬂTotal'(l J) (on-ofbit) . o o | | 18:4 arc-sec
On-orbit aliénment Calibration ' ‘, 4
Telemetry resolution R . A
(Total (16 ) + - _ R 18.9 arc-seé

* In flight alignmeﬁt accuracy for roll.

+ after filtering . '

¥ exclpsigé of null shift

——— """

Pg- 1.301"'25



TABLE

1,3,1-8 CAUDIDATE COMPOIENTS & THEIR ASSOCIATED CHARACTERISTICS

CARDIDATE COMFONENTS

SIGNIFICART TECHWICAL FEZATSRIS

PROCURESENT COST, 3K

W AVG QuatL
FURCTIOR SPLLER HODEL BTATUB ﬁJRC’TIGﬂf CAPAPILITY EA PR STATUS RECUR ROH-RECUR CORILESTE
Coarte Sun Bendisn 171858 Exist IR Sterndien 0,15 —_ Bimilerity L 7
Senacr (SKYLAB} Covoraga (2 Benoors)
Adeola C-1604 Exiat 4T Stersdien Coverese 0.19 - similarity %] 1a
{ca0) (8 Seanars) )
Adsols c-1702 Brlat 47 Steradian Coversge - Bindlarity
ATE {2 memks) S ho 10
Digitel 8w sl —_
Adeala G-l Exist + 32°F0V, 1 7aln Beourply
Sensor T4 bito,isB = 1b dee 3 Binilority o 10
Gyro Assy Homeywall ao3sk Rxiat Direct voll, piteh,and
yaw gensing. 15 O ol
(3 ayvos; . Jewel dithered ouspsnsion
+ Gao tearing.
1/exic) ) + -Bhort torm 4rift 0.007°/ R
hr
- Mhmf KT6-3C Exiat Tout vire eugpepcica. —_
Gan bearing. — & Qual |
ghort toro drift 0,0(R°%f
by
Bendix E4RH-RIG Exlat Maguetic suspensica, 15 25 A fual aes 634
Gpa bearing

Pg. 1.3.1-26




TABLE 1. 3.1-8 (CONTINMJATION)

CANDIDATE CCMPCHENTS

BIGRIFICANT TECHNICAL FEATURES

' FROCUREMENT COST, $%

I } AVE, QUATL BACH :
FNCTION SELLER MODEL STATUS FURCTION/CAPABELITY T, vl SEATE RECUR HoN-RECIR comms
Flzed-Eead Bendiz o0 Hod 20 arc-gec sooy; + Smg | 16.7 8.7 A Gual 100 BN
Tracher
Ball Eron, BAS~C Mod 20 are-sec wecy; 3, 4, 5 13.8 6.0 A Qual 14 65
By cowmandahle
ITr . B8  Pxint 20 wre-sec accy; 3, 4, S Xr 9 Similarity 43 83
ﬁ:ﬂm' Tthreo — * Rew Asgy consista of *Three u:iaa are
4 1) sfgnel conditioning ] : proposed 2
2) analog processor 13 15 - 193,2 37104 1) b5 anp-meter
3) wheel drivers Required 2') L5 * "
Dag torquer driver 229.1 haz.b
5) mmgnetewter elsctr. 3) bsog ¢ ¢
6} nagnetometer (3 6.5
7 Torquer bars (3 [y
Resct Lon Bend1 188w ‘
Wbeelg (W) QA Bxists Torq. = 2 in-oz .
K =206 ft-lb-gec 10 2.3 Similarity 30 Lo
- HEE  » 1200 o
Bendix ATS Existe Torq, = gohm.u
H = 847 meo ’
e - 150 olbgee 19.5 10 Similarity w o w0
Bendiz Mod Torg. = 25 da-0z
o IPeBes | a | oy o v o o

Pg. 1.3.1-27




TARLE  1.2,1-B{CORTIIVATION)

SIGRIFICANT TECHNICAL FEATURES

PROCUREMENT COST, $K

T AVG QUAL
FURCTIOR BELLER ML ETATUS FURCTIOR/CAPARILITY e U gua ;
Gizbaled L
rocken ETv 0 Extet POV 1' x 1%;
Sact Ginbal trovel, both, s b3° | % 154 Bimilority
Accursey 5 @&
o0 {ai4 not FOV ' x 1t : Sinilarity
v fly) Gimbal travel, both, + 43° ‘
PADS Mod FW 0.5' = 0.5 : _
‘ THu Global trovel: inmer + 15° 50 28 A qul
outer + b5°
Sevsow s - ";;g:i"m" 212 20 Siadlarity 195.5 16.6
+ 1°
Quantic Exist % o.02° L5 20 ® 125 100

Pg. 1.3.1-28
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TABLE 1.3.1-9

MIDAL OPERATIONS

ATTITUDE CONTROL CONTROL CONTROL DESCRIPTION OF
PHASE . MODE REQUIREMENTS SENDORS ACTUATORZ MODE
E0S Bull peparaticn rateo |Separation rotes <1 d/fs. . R,P,Y rate gyroa 8,P,Y 1-1b Jets Following separation from booster,
feparation ) [Fined angular retes £20.034/s spacecralt raten are nulled,
Inertial hold Anguler rates ¢ +0.03 a8 R,P,Y rate gyroa R,P,Y 1-1b jets
Coarse Solar point Align kpacecraft ~Z sxls to aun « 2 2, H,F CSS zemith ndong -2 axin | R,2, Y 1-1b jete
Finsl Angulsr reles  #0.03 4/s {mounted on ACS Module),
R,P,Y rote gyros
Deploy aslar array Maintain epacecraft -7 axis to sun <z d, | R,P 55 -zénithioln .7 axis | R,B,Y  1-1b jets
} Mainalm togular rates € +0.03 dfe . {mounted on ACS Module) .
. . R,f.'l' rate gyros
CH8 mounted on solar array. | R.P,¥ 1-1b Jets Solar arroy drive unit is locked,

Orient Solar array :

Align solar wrray normel to cun <7 d,
Final mngular rates € +0.03 d/p

R,EY &rron

normal 40 sun
Maintain solar array " " R,P,Y reactiommesls with "
normal to sun magnetic unlosding.
. Approxinetely 1 month. Star treckers
Checkout jJare not turned on for a minimun of 2 )
ays {unlese etar tracker design permits
it} to prevent arciug due to outgasging.
Initial Coarse
Prectafon| Soler Samg ag above tor Cofrie  Solnr
Update Folnt Pomt _
Fine Align spacecraft -Z axis to sun < 0.1 d.| H,P D55 zamitetlow -Z axis R, P, Y reactionwhiels wih a,te' attitude ccwputation in OBC.
"k
Solar, - Flosl wngular retes < .03 d/a {mounted on ACS Module). wmagnetic unlosding Uttlire DES and cagnetcmeter signals
— Point R, FY rote gyros for 3-axis wpinte. (Ephemeris, % model
b R of Earth:'s magnetic field is uaed}
flew about[Achieve slew rate in € 4 m. R,P,T rete gyros R, P, Y 1l-lb jete The slew angle ir calculated to arrive
OO0 Z axts | Slew rate 2 2 dfwe. R DS st an attitude in which the FET should
@E (sunlire) |Reduce to tero rate «mn € Y ™. see & guide star,
g &2 o Inertiel Angular rates € +0.03 d,l'n B,P,Y rate gyrea R, P, Y reactionwheels .with FH Aearches for its atar, I fourd,
o E Hold . . wmagnetic unloading FMT goes into track mode. Update using
:U ;p_ . DSE &EHT, If ster not found, &sgess, &
C e . : use alternate Procedure,
g‘ R g"ﬁ:’“’ Inertial n " " [Uaing updates from FHT and peS, calibrach
Fnl '&;._ : : . ’ gyroe. Ingert rate bias errws in OBC.
g Earth-Foint | Slew Achieve slew rate in = 4 ., R,P, YT zate gyros ‘R,P,Y reactionwheels .oarh eing sequential slews, siew to attitude
Slew rate = 2afe. Tbgene  wnlolding. hich at a later polnt in the orbit
H' Reduce t0 rero rate v o 4 w Tesults In an Earth-pointing attitude.
: . : ) Update with FHT Quring alews.
Inertinl fangular rétes g 0,003 d/n RPY  rate gyros R,P, Y reactionsheds win Hold attitude,
- Hold . ’ wagmett - unloading :
Pe. 1.3.1-29




TABLE 1.3.1-9 MWODAL OPERATIONS (CONPTNUED) .

oa

ATTITTUDE CONTROL .
FRAZE MODE REQUIREMENTS CONTRCL  SENSORS CONTROL ACTUATORS DESCRIPTION OF MODE
. Checkout Exrth bevelop Pitch refe = Orbit Bate {2 0.06%4) R,B,Y rate gyros RPY  oi-ip jets Allowing tize to buildup pitch rate to
Polnt Orbit Rate 21070 g/ ortit rate, commence at proper mement to
about Pitch bulldup pitch rate to ortit rate, so that
Axls peien pitch rate = orbit rate, spa-cecraft
attitude i3 such that Instruwents pert ot Earih
and Spacecraft X axis Polnts in the direc-
tlon of .1ight. Update using FHT at each
opportunity from this point on.
Hold orbit {i - " " &P, rate gyros F,P,Y Tesctionwhes wih | Hold piteh ratemorbit rate, Continue to
rate. Roll and ¥aw ratea uucallate ainusol- wagretic unloading. update with FHT. Mske corrections to rate
Correct for]dally with megnitude 1 /day, the einu- comnands based on updates. Calibrate gyre
attitude soid:  verying et orbit rate, using FHT updates, Slight oscillatery
£rrove, Point at Earth ¢ 0.01 d rate compands are put into roli & yasr
Rate atability over 30 min 3 + 106 d/s 4xes for orbit regression.An ephederis
Jitter up to 30 sec g+ 1 fee caleulation 18 used to conpute attitule
up to 20 min 5 ¥ 2 dw commands. The DSS 1s not used for up-
dating when the FHT provides sufficient
updates.
Earth-Point Enrth-Foint As described ebove under checkout,
Mission !
Stellar Stellar-Foint Pointing sccurscy ¢ 0.014d. - R,P,Y rate gyros B, P Y resctionwheels wale | a aequence of slews are made to & degired
Mesion ‘ Pointing stability over 30 min ¢ 0o wagnetis unloading, attitude., In the case that the Instrimant
d-s, — ETrTOr algnala are used, fettling, is requireq,
- Jitter g + 2 dec. Updates are performeq using FHT and
. With Inatrument aignals: . - Ingtriument él‘eleacopc error signals when
' — . available. (Slews between tergeta are
ﬁ::::m hcouracy < ;g‘gé;;%c . relatively slow for tergets scattered
b in the aky, using the 2 4/m requirepent,
!

Px. 1.2.1-30
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COARSE o : , o .

- . S FEMOTE !
‘SIL‘IN SENSORS y 1. TEMI} DECODER
| JET DRIVERS :
OBC IN C + DH MOD.

DIGITAL . I 1)  ACTUATOR CMDS (WHLS, BARS, JETS)

SUN SENSORS|™" i{MOTOR DRIVERS: _

(n - (2)  ATTITUDE CMDS (EARTH, STELCAR)

| 'MAGNETOMETER ELECT: | ' - L3} UPDATES (FHT, DSS, MAG}
' POWER SUPPLY" S o
' | ' . CALIBRATIONS (GYROS, FHT, DSS, MAG)
- |'RATE GYRO i : MAGNETIC
| ASSY . iANALOG PROG.: TORQUER | ATTITUDE FROM GYRO RATES
3 ' , BAR(3) ' '
‘ , AUV ‘ CATALOGS (STAR}
, MAGNETIC TORQ ELECT
' = EPHEMEDES (SUN, MOON)

" FIXED HEAD: : | SIGNAL COND. | REMOTE. MODE SELECTION

TRACKEA | : DATA .

L) I e e e IMUX FAILURE DETECTION

R ‘ _ELECTRONICS ASSEMBLY - e — ==
3AXIS : ‘
MAGNET-! e ST p———
'OGSTE;_! : - : * {TIMING DIST.| —b
- : ' S PROT. . . {JETS IN
BUSPROT.| [ - ¥ lpneumaTics mop.

TIMING FROM C & DH b

Fig. 1.3.1-1 Block Diegram of Baseline EOS ACS
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FIGURE 1,3.1-24 BENDIX WIDE ANGLE SUN SENSOR
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FIGURE 1.3.1-3  ADCOLE DIGITAL SUNSENSOR
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D.1,3.2 COMMUNICATIONS AND DATA HANDLING (C&DH)

p.1,3.2.1 C&DH Subsystem

The C&DH subsystem shall satisfy the EOS requirements (Appendix C, Vol 3)
end will be compatible with the operational requiremnents defined in the GSFC STDN
Users Guide No. 101.1 and the GSFC Aerospace Dgta System Standards X-560-63;2.

The C&DH subsystem ‘sha.ll provide the means of commanding the spacecraff
ané payload instruments via the uplink, provide onboard d&ta required for
growund monitoring of the spacecrdft and payload status via.dcwnlink telemetry,
- and transpond rénging signals for ground tracking of the spacecraft. This
subsystem shall he located in the Ccmmunications and Date Handling Module -
except for the antennas The antenne locations will depend on radiation
pattern coversage requirements. Other items such as signal ccnditioning and
_remote units which are elements of the C&DH aubaystem are charged t6 the
module in which they are located and service. The subsystem shall be function—
ally separaxe and cperate independent of the wide-band cqmmunicatlons subsystem.

The general functional requirements for the C&DH subsystem are:

‘o Provide telemetry, tracking and command compatibility with

STDN, Shuttle orbiter, TDRS (option) and DOI (option)
o Acquire, process, record format snd route data/bnmmands frum/to
the apprqpriate EOS- Subsystem Modules I . j
o -Execute ground comends in both real and delayed time
¢ Provide cn-board sequencing for spacecraft functions scheduled
to oeccur during and after leunch prior tq initial ground gontact'
o Store (on-bbﬁrd} spacecraft housekeeping data betweenrgfound
contacts ( opﬁion) -A

This subsystem shall consist of the C&DH equipment which is composed
‘of a communicationa group ‘and a datsa handling group. The communications group
is dlscussed in sectlon D,1.3.2.2 and the data handllng group is discussed

in section D.l.3.2.3. ‘ _
) . ,‘Pga 1.3.2"'1



D.1.3.2.2 Communications Group

The Communications Group of the C&DH module provides telemetry, tracking
and cammand link competibility with STDN, Shuttle orbiter, TDRS (optioh)
and DOT (option). Table D.13.2-1 tebulates the significent communica-
tion link requirements .for- four 1link’' interfaces. Only the interface
with STIN at S-Band is fully defined at this time. Table D.1.3.2-1 will
be updated to includs all of the detail interface réﬁuirements for the
other links as soon as data is aveilable.

D.1.3.2.2,1 Communications Group Configuration Alternatives

Seven alternate communicétion configurations were derived. They
vary in capability and complexity fram the single thread configurstion of
Fig D.13 .2« to the sophisticated multimode configurations of FigsD.13 .2-6
and -7. The besic parameters of these alternates are campared in TableD.1l3 .2-2
Some of the comparison data is currently not available for configurations 3,4 and
5 since the evaluations of these configurations are still in process.

" The primary difference between configurations 1 and 2 is that config-
urgtion 1 provides spherical antenna coverasge on the uplink and hemispherical
antenna coverage on the dewnlink, whereas configuration 2 provides spheriéal
antenna coverasge on both the uplink and dowmlink. The "A" versions of config-
urations 1 and 2 have duel redundant transponders.

In configuraticn 3, an improvement in uplink command reliability is
achieved by combining the outputs of receiver/demodulator and selecting the
best signal or by cross~strapping the inputs of two demoduletors. Results of
preliminary analysis indicates that cross-strapping the demodulator irputs

is the preferred approach.

Pg. 1.3,2-2



Table D.1.3.2-1 EOS Communicaetions Link Regquirements

DOWNLINK TELEMETRY
PARAMETER

i{—

COMMUNICATION LINK

o Frequency

o Link Margin

Temperature
o Bit Error Rate

o Required E/Nb

o Atmosphere Loss

VALUE STON _ TDRS* SHUTTLE _ DOT*
TBD MHz + .001% X - X X TBD
(2200 to 2300 MHz) '
o Narrow Band Deta Rate Selectable; 32 Kbps, 16 Xbps, | x X X X
8 Kbps, 4 Kbps, 2 Kbps,
1 Kbps '
o Narrow Bend Modulation Split phase PCM/FM on X X X X
1,024 MHz subcarrier '
o Medium Band Data Rate 128 Kbps, 640 Kbps optional X N/A N/A X
o Medium Band Moudlation Split phase PCM/PM on X N/a N/A X
carrier - '
0 CCIR Power Flux Density 5. - . CE
Limits in any L4 KHz Bend -4k aBW/m"/4KHz X X X X
Oferhead S-Band Transmission
6 a8 minimm X X X X
o Ground Antenna Size 30 £t dish . X N/A N/A TED
o Gnd System Noise 125% X N/A N/A X
I |
< 10 X X X X
i2 @B X X X X
o Maximum . Slant Range 3040 KM X TED TBD TBD
2.6db X N/A N/A X
"PHCP X X X X

o édlariiation‘

* Qptional Interfaces
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Table D.1.3.2-1 EOS Communications Link Requirements (Cont)

COMMUNICATION LINK
UPLINK COMMAND

" PARAMETER VALUE, STDN TDRS¥ SHUTTLE DOI
o Frequency TBD MHz (2025 to 2120 MHz) X X X TBD
o Command Bite Rate: 2000 bps X X X X
o Command Modulation: FCM/PSK - 3 /md/RM X X X X

(Uses 70 KHz subcarrier)

o Trans Pur: 10 Kw X TBD TBD X
o Trans. Antenna Size: | 30 ft. dish X TED TBD TBD
‘o Link rMargin: - 64B minimum X X X X
o Bit Error Rate: £10™ X X X X
o Required E/NO: 12 4B X X X X
o Maximum Slant Range: 7 3040 KM X TED TED TED
o Atmosphere Loss: 0.6 dB X N/A N/A X
o Polerigzation: RHCP X X X X
Ranging Channel
o Frequency: downlink = 240 x uplink X THD X TED
221

0 Ranging Mcdulation: MM on carrier A .' X X | X X
o Ranging Technique: . Harmonic tones (500 KHz Max) X N/A X TBD

2] N/A X N/A N/A
o Turnaround Ratio: - 221/240 X TED X TBD
o Group Delay Uncertainty: £ 5 nenoseconds X  TEBD TED TBD
o Other parameters: refer to uplink & downlink

- requirements

*  Optiocnal Intérfaces
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TABIE D.1.3.2-2

 COMMUNICATION CONFIGURATION COMPARISON

CONFIGURATION

PARAMETER 1 1A 23 2 3 & 5

S=Band Antennsa Coverage

Spherical Uplink/Downlink-1 Ant X X
‘spherical Uplink/Downlink-2 Ant X X X X X
Dual Redundant Transponders X X X
Signal Combining or Cross-strapping X
TDRS Interface X
' E~Band Downlink _ X
Weight (1bs) ‘ 9.5 14.2 10.2 14.9 TBD 10.2+ TED
Power (Watis) 12.0 1h.5 12.0 114..5 TED g:ggs TBD
Cost ($K) 283 350 274 381 TEBD TBD TBD
Risk " Min Min Min  Min Mod Max Min
Spacecraft Integratioa Complexity Min =~ Min Min Min Min Most MOD

Selected Configuration
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Configuration 4 is _&ohf-_lfgure.tion'e plus a TORS S-Band terminal. The
terminal includes a $-Band transceivezj package and a steéra.ble antenna,
Since the wideband communications (refer to appendices to this book) will
also have an interface to the TDRS at Ku-band, & dual frequency S /Ku~Band
steera.ble antenna is being considered to satisfy both the narrow band and
wideband ccxmnunications requirements. Portions of the TDRS S-Band tra.nsceivesr
(i.e., receiver front end, transmitter) may be co-located with the steerable
antenna to reduce RF lcsses while other portions (i.e., demodulator, baseband
assémbly) may be'lqcated._ in the communications and data handling :'podule. The
S'_teerable S-Band anterma (7 to llr ft. diamef;er requirement_) will probably

be located on & boom to miﬁimize blockage problems.

The last .coni‘iguré.tion 5, provides a downlink in the 8.0 té-B.h GHz
frequency hand sllocated for operational earth resource satellite Programs. i
‘The uplink commsnd woﬁld' still be at S-Band. A downlink capability would
be re‘t&ined at 8~Band in order to provide NASA with ma.ximum command and con'l:rol
capebility of the EOS spacecra:f’t from all STDN ground sta.tions o

The prime ground station for this X-Band downlink would be the Departmer;t
of Interior (DOI) station a.'tVSioux'Fa.lls. The S-Band transpoﬁdér'has 8 phase
cohereﬁt output available for driving an X-Band transmitter, enabling a smooth
transition to. this configuration., Dual redundant S-Band receivers are incorp-
orated in this configuration to increase uplink relisbility,

It is possible that cénfi@rationa b and 5 may be combined to provide
interfaces with STIN, TDRSS and DOI. Tn any case, the performance/design
rg.quir‘auents‘ described in Table D.1. 32-1 consider this possibility and the
de'rived.alternate configlL*afions v.rill'ena.ble any combination of op'tion:-sl to’

be costed,
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The alterpative configurations have the following types of compobents:

o Transponders

o Transmitters

o Recelvers

© RF Coaxial Swltches

0 Diplexers

o RF Couplers (Hybrids)

o Antennas

Candidate components are comparedAversus significant technical features and
procurenent costs in Tadle D.1,3.2-3,

Two primaery approeches for the antennas were cdnsidered, one using a
broedbaend antenna capable of operating over the full 2025 to 2300 MHz band
versus & narrow band antenna tuned to & discrete frequency within that range.
The broadband approach wes selected for the baseline configuration since all
antennas required for EOS could be procured at & single time to minimize cost
end since the narrow band microstrip antenna approach would require four S-Band
antenna per vehicle, (i.e., separate tranmswit and receive anteﬁnas).

An integrated S-Baud Transponder/antenna multiﬁlexer design, e€.g. ERTS or
JBS (Japanese Broadcast Satellite) S-Band Transponder assembly, .can be compared to
the separate electronics packaging design similar ‘to the ELMS Tracking, Telemetry and
Commend, Subsystem using Table D.13 .2-3. The integrated electronics approach
using the Motorola transpnﬁder assembly designed for the JBS results in minimum
weight and input power. The weight differential is further increased when the
welght of cables and connectors required for the separate electronibs approach

is considered. Volume is essentially the same for either approach.:
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Table D.1.3.2-3

Candidate Communicstion GroupiComponents

€1-2°¢°1 33

¥ Rx/Rx + Tx

1.3 15

- : : Previous " Wt. Av Pwr Vol Cost ($K) Comments
Integrated Electronics MEr, Program { 1bs) (watts) (in3) N,R. R Total
S-Band Transponder Motorola JBS 12.5 5/1Y, 5% 563 141 214% 355 Dusl Unit
. Motorols JBS(MOD) 7.8 2.5/12x 253 14l 107 248 Single Unit
Motorola ERTS 25,0 7/ 62k 115 175 290 Dual Unit
Cubic _ o
Cipnein. Elect, Request for quotes in process
Philco Ford
Separate Electronics
" S-Band Transmitter/ . Teledyme EIMS 3.5 33.6 72 19 . 20 39
Baseband Conie LCRY 2.5 34,0 51 35 33 68 ELMS quote
S~Band Revr/Demod Cinein. Elect, ELMS 3.6 5,0 93 ko 3% 7
5~-Band Hybrid Wavecom EIMS 1.0 - 8 6 2 8
Sander Assoc, F~1lh 0.5 - 8 72 2 80 - GPS quote
S-Band Diplexer Wavecom LCRU 1.0 - 27 10 3 13
S~Band Switch Transco ~ ERTS 0.1 - 0.8 6 2 8
Antenneas
" Broadband GE ELMS 1.2 - 50 33 8 EIMS
R RCA, Viking 0.8 - 1z 113 36 1h9 ‘quotes
GAC Fell=- 1.5 - koo bk -9 58 -
Narrowband Ball Bros EIMS 0.5 - 2 17



These previous factors indicate that the irtegrated S-Band Transponder
is the preferred approach, however, 8 cost comparison is required to determine
the final selection. The Motorola cost date for the integrated transponder
was derived from a responsive quote and cost data for Separate_electronics are
based on the ELMS program. Additional quotes for the integrated transponder
and separste electronics designed to EOS requirements are still in process. A
review of Table D.)l.3.2-3 shows that separate electronics appears to have lower
recurring and non=recurring‘costs ($81K vs $141K and $62K vs $LO7K respectively).
However, sdditionsl program cost factors must be considered which increase the

cost of the separste electronics epproach.

These costs are associated with the procurement of five items versus that
for one procurement, the sdditional costsfir integrating (physical and elec-
trical) the separate electronics, and the additional costs for modifying the
ELMS transmitter /receiver for conerent operation and compatibility with STDN.
Thege cost factors are considered sufficient to make ;he separate electronics
approach more expensive than the integrated and therefore the latter is selected
for the communicetions configuration. Additional quotes in process are expected

to confirm this conclusion.
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D.1.3.2.2.2 gSelected Communications Group Configuration

Configuration 2, Fig. D.1.3.2-3 1is the selected basic communications
configuration. A single S-B&hﬁ transponder unit with integrated diplexers,
hybrid and coaxial switch is utilized in conjunction with t&o broadband
- S-Band shaped besm antemnas., It satisfies the functional and perf;rmance/
design requirements shown in Table D.1.3.2-1 for‘the STDN S-Band interface.

This baseline i# congidered a low risk design because it uses space
proven off-the-sheif components, Minimal non-recurring.costs'are attributed
to documentation, program mansgement and minor design changes to satlsfy EOS
program requirements, The eQuipment list and cost allocation for the selected h
configuration is shown in Table D,1.3.2-k4, | f

Primery camunication modes of operation provided for the downlink and
uplink are: |

Dovmnlink

o Ranging

o Ranging and Narrow Band Date

o Medium Band énd_Na.rraw Band Data

o Narrow Rand Dats Onlj

o Mediun Band pata Only

Uplink |

o Ranging

0 Ranging and Command

o Command only
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81-2°¢°1 "84

TABLE D.1l.3.2-4 SELECTED COMMUNICATIONS GROUP CONFIGURATION

C OMPONENT QTY/VEH WT. EA. VOL. EA. PWR EA. STATUS SOURCE C0STS {PER VEH)
(LBS) (1n3) (WATTS) ' R R

S=Band Transponder

Assembly :
¢ Transponder 1l
o Diplexers 2 7.8 253 12W(R_&T ) M  Motorola/ $1L41K  $107K
o Hybrid 1 2.5 W"(Rx) JBS
o Coaxiasl Switch 1 ° x
TLM/CMD Antennas 2 1.2 50 N/A E  GE/FIMS $10K¥* §$16K
Coaxial Cable Assemblies 2 TBD TBD N/A E  TWC/ELMS $0.2K

¥ Lower NR costs than ELMS beceuse Qual. testing is not required.



Tho narrow. bend data is transmitted on a 1.024 MHz subcarrier while
the mediﬁmAband data is modulated directly on the carriér. 4Ranging is
accoﬁpliéhed by coherently transponding harmonic tones consistent with GSFC
‘ranging equipment specification §-813-P-19. Uplink'cammands are accamplished
‘on a 70 KHZ subcarrler which is compatlble w1th the NASA/STDN Spacecraft

'CGmmand Encoder (SCE).

D;1.32.2.2.1 | TIM/CUD. Antennas
Two identioal anteﬁnaé are utilized to provide spherical péttern corerage

for the 5-3and telemetry and commend iinks. The antennas are mounted on
opposite sides of -the spacecraft as shown in'Fig;l2,9zl.1,lle.l The antenna .-
- selected was originally developed by General Electric for thé NASA- ERTS
satellite, -The version to be used on EOS.is'identicgl to tﬁe_éntoona procured
by Grummen from GE for the USAF FLMS satellite. The EES version of this
entenna hos two significant desigh.improvemeﬁts, thérmal oontrol ?aintﬂwhich
rill_pormit its mounting on surfacoé'that see.direct sun light ano‘stoel
insérﬁs_in r&diating elemehts to permit vibration at higher;vibration ievels.
The delta- qual1flcat10n program on ELMS con31st1ng of humldlty, vibration and

-5

RF power handle at prnssurGSbetween sea level and 10 “~ torr have been success-
fully completed. | |

‘The antenna is a modified turnstile, with its radiating elements tilted
downward aﬁproxiﬁateiy 30 degreéo With.the elemént height above an 8 incﬁ.
dismeter reflectorfbase adgusted to prov1de a shaped beam radiation pattern.
A mlnlmum gain w1th respect to a rlght hand eircularity polarlzed ISOterlCl
radistor of 0db on axis increasing to + 3db at MO to 65 degrees off axis and

decre351ng to 0 db at 78 degrees off axis 1s prov1ded

'D.1.3.2 2.2.2 8- Band Transponder Assembly

The S Band tran3ponder asgembly is a derivatlve of the Motorola M-Series
transponder line. It performs the following functions:
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They

o Phase locks to and traéks the frequency of an uplink $-Band RF
signal

o Demodulstes and extracts cominand and ranging information fram
the uplink signal

o (enerates in the preésence of an uplink signal, a 5-Band transmit
carrier which is related to the uplink signal by a frequenéy ratio
of 2h0/221

o Generaies, in the absence 6f ah uplink signal d steble 5-Band
transmit corrier which has been derived from an intermal crystal
oscillator

o0 Thase modulates the downlink carrier with & composite baseband
signal consgisting of telemetry and renging information

o Provides status and telémetry information to the spacecraft
telemetry system

o Includes enintegrated microwsve antenna multiplexer unit
conSisting of two diplexers, & hybrid power splitter and a
SPDT coaxiel switch |

The selection of this transponder assembly was based on several factors.

ﬁre:

0 Takes advantage of recent technology which is being developed.for
the . JBS prcgram

o Maximum use of space-proven designs

o Excellent overall temperature stability

o AGC Loop on ranging channel eliminstes videollimiting and resultant
group delay variations

0 Minimeal ranging delay variation of + 10 nanoseconds total for

temperature'and input signal variations
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o Lower weight compared to ERTS Transponder Assembly or individual

| components

o A phase coherent output availeble for driving an )f-ba.n& exciter

'a.pplica.ble for a narrow band downlink to & DOI terminal |

‘0 BSpace qualified mechanical peckaging design capable of hbusing two

transponders

o0 Cross-strapping cspabllity in dual redundant configuration allowing

either receiver to drive either exciter '

Low rate deta s.nd medium ra.te data are combined in the baseba.nd assembly
‘located in the transpon_de;f unit. The turnaround/tone renging signa.l is also
catbined in the basebaﬁd assembly for downlink transmission either with low
rate data or aione. The medium band composite baseband signal pha.se modulsates
the tra.namitter and is amplified %0 a level of 2 watts at S- band. In the low
data rate mode pnl:,r, the transmitter output power is decreased to_ 0.2 watts
to meet the CCIR spect:;a.l flux density requiranents.

The transmitter can be comnected to either antenna through & SFDT coaxial
switeh in order to provide spherical entenns coverage on tﬁ_e .donmlink.

For the uplink, the receéiver/demodulator is always powered on é..nd capable
of detecting uplink command signals. RF switching is not used in the uplink
to increase reliability. The two receive ou‘bpu'b.cha;nnels o!f“the’ diplexers'

" are connected .'l:.o the I‘-ECé-iVGI' viag RF l;ower splitter (Hybrid) A 70 K}Iz
demodulsator is incorporated int-o one module of the. transponder. The dodﬁ—

' la.tor output feeds a ccmma.nd decoder.
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Dol.3.2.3 DATA HANDLING GROUP

The Data Handling Group (DHG) must acquire, process, record, format and route
data/commends from/to the eppropriate EOS Subsystem/Module (Communications, ACS,
Flec. Pwr, Orbit Adjust and Transfer, etc.) and the support vehicle (e.g., Shattle
Orbiter, etc.), In addition the group shall perform the required attitude control
camputations igsuing the necessary commands, receive cammands from the ground and

distribute/execute these in real time or store them for delayed execution on a time

or event basis.
Dol.30.2.3=1 DATA HANDLING GROUP REQUIREMENTS
Detailed DHG requirements and their origin are outlined in Table Do.l.3.2=3.

The DHG shall be capable of transmitting to Shuttle Orbiter or ground (via comm., )
veriasble date rates of 32/16/8/u4/2/1 XBPS and recelving 2 KBPS iﬁ commends. Commands
uplinked from ground are 40 bits in length, 24 bits of which are defined by NASA as the
camputer data word thereby. requiring two locations in storage in any 16 to 18 bit word
length computer.

GAC software sizing estimates (see Table E.3.2.9-2) for command storage, space=
craft control systems wonitoring, ete, define 23.3K (eighteen bit) words including
margin are required for storage in the camputers main memory, Reéolution to 30 meters
is required for MSS image processing. Twenty four bit word length provides resolution
to seven meters while still accommodating earth orbit dimansions.with margin., Through-
put requirements range from 6-13KOPS (Kilo Operations per Second), The RGA Service
routine is the main driver utilizing 3 KOPS.

The GAC measurements list (see Eaclosure D.1.3.2-1) identifies and codes each
measurement and defines its signal type (temperature, pressure, discrete etc,) sample
rate, high-low value, accufacf and whether it is hardwired (H) for GSE (Ground Support
Fquipment), telemetered (T) or used on-board (0). The list is partitioned per module

and then per the equipment within each module., Measurements which vary as a function
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Table D.1.3.2-5 Data Handling

Subsystem Requirements . S

RECORD TIME (MINUTES) =

- TTEM ' REQUIREMENT ~ ORIGIN
COMPUTER _

MAIN MEMORY (X WORDS) 23.3 GAC SOFTWARE SIZING ESTIMATE

WORD SIZE (BITS) 18-2h RASA, GAC SIZING ESTIMATE

- THRURUT (KOPS) 6e13 . GAC SFW SIZING ESTIMATE
~ LANGUAGE - - ASSEMBLY GAC MEMORY EFFICTENCY
CLOCK STABILITY £1 PART TN 10%per day| NASA .. .
TIM RATES (KBPS) 32/16/8/L/2/1 NASA GSFC & JSC ORBITER
CMD ‘RATES (KBPS) 2, 2.4 NASA GSFC & JSC ORBITER
REMOTE UNITS (#/SPACECRAFT) 7 GAC MEASUREMENTS & COMMANDS SIZING
MEASUREMENTS 240 GAC MEASUREMENTS & COMMANDS SIZING
'COMMANDS 160 GAC MEASUREMENTS & COMMANDS SIZING
CAUTION & WARNING FUNCTIONS 9-12 GAC SIZING (LAUNCH VEHICLE DEPENDENT)
TAPE RECORDER (OPTIONAL) =

CAPACTTY (MBITS) 10° GAC

RECORD RATES (KBPS) 32/16/8/4/2/1 NASA

'REPRODUCE RATE (KBPS) ° 640 NASA

560 GAC




of launch vehicle econfiguration (OAT Module)

are also identified. This ijdentification and Module/equipment partitlioning makes
possible rapid assembly of a measuremente list for a particulay EOS mission and
launch vehiele configuration.

The meagurements 1ist permits'accurate determination of the dete ascquistion
requirements such as the number of remote units required per module and spacecraft
(seven), the amount snd type of signal conditloning, A/D (Analog to Digital) con-
version and sensors required for ezach E0S. Sample rates of Telemetered Measurements
are sumed to define the required EOS telemetry rates. Table D.1.3.2-6  summarizes
the present estimated number of meesurements types and commands required per EOS
module., Figﬁre D.1.3.2-8 defines the number of remote units date and command
chennels required per EOS wodule. This figure shows that if the maximum number of
remote unit chennels are to be Fixed 64 channels represents on efficient selection.

The basic spacecrafis spproximetely 240 measurements and 160 coumands are
handled by five remote units (64 inputs and 64 outputs eech) while two more remotes
are dedicated to the Instruments. The TM, HRPI, and MSS all require approximately
118 measurements, plus 48 discrete commends and 4 imstruction words each. The
MUMS is estimated to require 16 messurements and 16 discrete commands.

Recording requirements are driven by telemetry line data rates; the maximum
time BEOS is out of ground contact 5=T hours (GAC estimates based on GAC mission
trajectory analysis results of ECS Sun Synchronous mission) and time (11 minutes

mex.)} EOS is in ground comtact following such a period.

1.3.2-2h
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While E0S i1s attached to Orbiter; the Orbiter crew must be alerted and have
the capability of monitoring eny EOS parameters which will indicate a potentially
hézardous condition. Alefts will be monitored by the flight crew at the flight
cfew stetions and the specialist at the Orbiter Mission Specialis£ Station (MSS).

The EOS Data Handling Group (DHG) will be "on" during the Orbiter Launch,
Boost; Ascent and Descent (retrieve) or resupply phases. Caution and warning
functions will be ﬁultipleied to the Orblter by the DHG and also hérdlined to the
Orbiter while EOS is attached. |

T&ble D.1.3.2-7 1lists fhe 12 BOS caution and warniﬁgrfunctions which have been
identified by GAC for EOS; ihree caution and warning;functions vary for alternéte

Orbit transfer subsystems which vary as a function of the launch vehicle configuration.
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D.1.3.2.3.2 Data Handling Alternate Configurationg

: The objective of this study 1s to obtain accurate costing for a data
bus systen suitabie for EOS qpplication; Data Bus system configuration
~alternatives are many. These 1nclude full duplex versus half duplex,
separate comnend and aﬁﬂress'lineﬁversus common lines, data'fates, formats,
combined versus separaté remotes, etec. In order to limit the séope of the
study to produce a useful output which wouid yield accurate costing a |
baseline data bus system for EOS was selected. Alternative.configurations
within the baseline were defined and vendors requested to quote on the
baseline and these alterﬁatives. Vendors .were also invited.to.quote on
thelr own altgrnative configuration providing it met the overall operational

ﬁarameters of the~bdse11ne'system.

The NASA Standa}a Full Duplex System with commands and addresses
sharing a common bus.wis selectad and merged with the NASA EOS baseline
equipment characteristicé. The decision to incorporate the NASA Standard
data bus features into the baseline system was made for the following
reasoné and assumptions} The non fecurring development costs for such a
system are not chargeable (assumption) to the EOS program, thefeby,
significantly'reduc1ng 8 major cost element of the EGS Data Handling Group.
~ Also a review of its features showed a strong resemblance to the present
system being deveio?ed-fdr the J.5.C. Orbiter.. Orbiter commqnality would
also reduce program costé. In addition the NASA standard opéraﬁing at
1 MBPS rate and using seif gsynching manchester II Bi'Phase I code easily

fulfills EOS requirements.

i.3.2.29



Since the full duplex system uses a common bus for both commands
and addresses 1t wﬁs determined that a single central unit (Controller/
Formatter) which would control the bus issuing both addresses and commands
would reduce syster complexity. The alternative is to operate the bus

under control of two separate and distinet units.

The selected baseline is shown in Figure D.1.3.2. -9, Configuration
Alternatives to the system are Configuration #1 which uses a remote unit
that incorporates both a remote decoder and remote multiplexer (Mux),
Configuration 1P is the same remote unit but power strobed with 16 KHz
square wave. Configuration 2 uses separate remote decoders and remote
muwt's while 2P 1s the 16 KHz aquare wave power strobed version of #2
(the NASA EOS baseline for remotes).

These alternatives were selected to mssess the cost impact of 16 KHz
square wave power strobing of remote units and to determine whether
combining the remote decoder and remote mux into single remote units offers

cost, weight and power savings.

Preliminery conclusions are drawm from three companies, Harris
(Radiation),SCI and Spacetac who have responded to date., Prices, weight and
powers of individual units have been summed to determine the total cost
welght and power, for a typical EOS data bus system consisting of a Bus
controller/formatter and eight remote units. These results are plotted in

figures D,1.3.2-10,-11 and 12.

The Harris 1P configuration is the lowest cost system for & program

vhere two or more spacecraft are procured (Figure D.1.3.2-10). An eight
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EOS DATA BUS SYSTEM CONFIG'S
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remoﬁe unit single thread Harris 1P system for five shipsets is 623 K dollars less
than . the next lowest cost system the SCI #1P and 1.2M dollars less costly for
ten spacecraft. The Harris 1P system weighing only 36 pounds is also the lightest
weight system . (Figure Dole3.2=11) weighing 19 pounds less than the next lightest
weight systems, the SCI 1 and 1P-

The Spacetacs 2P and STACS systems draw the least power 5 watts for a system
of 8 remotes, but Harris is the next lowest power consumer, drawing 12 watts per
system. Seven watis equates to TK dollars, a savings'which is offset for two or

'ﬁore shipsets by Harris's very low recurring cost of 97K dollars per system.

This combination of relatively low system power combinéd with very low recurring
costs plus lowest weight make the Harris 1P the most attractive candidate for EOCS.
However, if only one shipset iz to be ordered then the Spacetacs STACS configuration
is the more cost effective candidate due to its very low non-récurring cost of WELK
dollars.

Figures D.1l.3.2=17 and -1} also show that combining remotés reduces system
cost and weight. The three lowest cost and lightest weight systems use combined
remotes. Welght savings is due to extra primsry case structure, casing and power
regulator electronics required by the separate unit.

The most cost effective systems (Harris 1P and Spactacs STACS) utilize power
strobing, indicating that power strobing is cost effective for E0S. However,
an analysis of SCI's response, (the only manufescturer to respond to all
four alternates) indicates that power strobing its design may not be cost effective.

The SCI 1P system draws 22 watis less than its non=power strobed version (22K
dollars savings for EOS) but costs 24K dollars more in recurring costs plus 28K
doil&rs additional non-recurring fees. The cost for power strobing is even greater

for the separsate remotes.
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Assuming the Harris l? system becomgs the NASA stendard and its one million
dollar non-recﬁrring.cost is not chérgeable to the EOS program, then this system
.would be the prime choice regardless of number of shipsets orderéd dve to its very
low recurring-unit cost. Results of this study are not conclugive since not all
of the solicited vendors {including the orbifer prime date bus conﬁractor) have

responded to date.
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D,1.3.2.3.3 DHG AOP Memory Alternatives

The Advenced On-Board Processor (AOP) is available with three memory
types: core, plated wire and CMOS (Camplimentary Metal Oxide Semi-
conductor). Core and plated wire are both considered to be acceptable
memory types for EOS application while CMOS is conditionally scceptable.

CMOS RAM*s (Random Access Memories) are volatile requiring quiescent
power at all times to retain thelr stored data. A power interrupt or loss
(e.g. due to high peak load transienmts including fault loads, clearing
shorts, power trensfer from orbiter to EOS, battery explosion, ete.) could
cause loss of all data in the RAM. If a spacecraft design without an analog
backup is selected then it may be desirable to design the computer with its
own backup battery walch would provide power during any spacecraft power
interrupts or shutdown. Another alternative is to store the entire contents
of the RAM on an on-board tgpe recorder and following a shutdown, a routine
stored in a CMOS ROM (Read Only Memory) module could direct the recorder to
reload the main nemory. '

The primsry driver for memory selection was total program cost. Assum-
ing the value of one watt of spacecraft power is 1K dollars, a plot of
total program cost (including power costs) was made (see Figure D.1.3,2-13)
Ae shown, selection of core memory for a single spacecraft requiring 2LK
memory saves 91K dollars over plated wire and 57K dollars over (MOS.
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D.1.3.2.3.4 Data Handling Selected Configuration

The baseline single thread DHG as depicted in Figure D.1:3. 2-1k4 is
comprised of a 24K word Advanced Onboard Processor (AQOP) with core memory,
commend decoder, btus controller/formatter unit, seven remote unite (one
located in the C&DH module, the remaining six distributed throughout the
gpacecraft ), a 4.096 MHZ cemtral clock and signal conditioning units which |
condition Hi-gnd-Lo level signals to 0-5VIC, and slso contain D/A (Digital
to Analog) convergion and latching relays for implementation of commands.

The AOP computer using the Harris CMMA chips will be flown sboard
FERTS B. A spece qualified AOP minimizes non-recurring costs. Assuming .
AOP procurement efforts progress as planned, the AOP should be well proven
prior to the first BOS flight, thereby minimizing program risk. ‘

Using a standard Aerospace instruction mix of 80% shorts (adds) and
20% longs (mmltiplies) the AOP's throughput is computed to be 85KOPS,
seven to eight times the current maximm requirement for EOS.

The AOP's capability to perform data campression is utilized on
housekeeping data, thereby obviating the need for the optional tape
recorder. This represents e savings of approximately 80K doliars, &8
watts and 14 pound per spacecraft. The AOP computes a.nd/or storeg each
peasurements high, low, mean, mean variance and current value. Utilizing
this technigue, 15C measurements require 750 storage locations in main
memory. Technique is executed via the 30 words software routa.ne flow
charted in Figuve h.T-2. ,

The Belected Horris full duplex dsta 'bus system #1P configuration has
canbined remote units which are power strobed with either 16 KHZ Square Wave
or 28 VIC. Remote units have dual receivers and transmitters which operate
off the dual redundant command/sddress busses and data reply busses respec-
tively. Each unit has 64 input chammels that can be used for analog, bilevel
or serial digitel rignals as defined in the FASA EOS C&DH Spec:l_fication.-
Each unit also has €% output channels for pulse commsnds plus 4 serial -
magnitude camand cartputs. Output levels are also as defined in the NASA
C&bH Specification. Remote units weigh 4 pounds each and’ dra.w Y4 watts
of power when "OK." ,

The controller/formatter also has dual receivers and tranmitters which
interface to the dusl redundant bussee. Thie unit can accept and interleave
50 commends/second fram the commsnd decoder with 62.5 commands/second from
the ACP and transmit these to the remote units. Telemetry output rates are
cammand selectable at 32/16/8/h/2/1 KBPS and format consists of minor ‘frames
of 128 eight bit words.
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GRUMMAN AERQOSPACE CORPORATION

KEY TO MEASURFMENT LIST SYMBOLS

1) Measurement Identification MNumber

Format XXYYYZ

XX = Subsystem

3

Number in order by subsystem

™~
H

Type of Measurement

2) Sample rate give in samples/second

3) Megsurement Class

4) Launch ‘ehiele Configuration

AC
CD

EP

GHN
In

ST

HaHOoygga

QHm

TIITB
wecT

Attitude Control

Communications end Date Hendling

Electrical Power .
Guidance & Nevigation
Ingtruments

Orbit Adjust

Orbit Trensflfer
‘Thermal Control
Structural

Current
Discrete
Frequency
Pressure
Quantity
Temperature
Voltage
Word

Hardline to GSE Connector
Telemetry
On-board

Titen IIIB
Weight Constrained Titan

DB2910 Delta 2910
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EOS MEASUREMENTS \ PRELIMINARY

RANGE ENG. |ACC- |SAMFLE |MEAS. CLASS

MEAS. I.D. msvmmmscnxmxom 16 K ‘wrrs | wacy | matE T T3 T8
<ACO01 D Dig. Sun Sens A& {16 BFW) . deg, 1 x bx
ACO02 D Dig. Sun Sens B (16 BFW) . deg. 2 x tx

ACOG3 D Dig. Sun Sens POWER _ ON/OFF 1 X
Acooh D Dig. Sun Sens SUN PRESENCE PRES/NO PREJ. 1 1z
ACDOY- A Dig. Sun Sens Coarse Sig Err. Pltch 10 deg. 5% 2 X |x
ACO06 A Dig. Sun Sens Cosrse Sig Err. Roll 440 deg. 59% 1 X |x
ACOOT A Dig. Sun Sens, Error Sig. Pitch +32 deg. 5% 1 X | X
ACO0O8 A Dig. Sun Sens Error Sig. Roll +32 deg. 5% 1 X | X
ACO09 D Fix HD. TKR. FPower #1 - | Ot /OFF /A 1 X Ix
ACO10 D Fix HD. TKR. Power #2 \ ON/OFF 1 N/A 1 X iX
ACO11 A Fix HD. TKR. Error Pitch _ +8 deg, - 5% 1 X | X
ACOI2 A Fix HD. TKR. Error Yaw 8 - _‘ deg. | 5% 1 x |x
ACO13 V Fix HD. TKR. Hi Volt ) 0-1500 | Volits | 5% 1 x |x
ACO1L T Fix HD. TKR. Int. Temp ' 0-130 °F 5% 1 x Ix
ACO1S M Fix HD. TKR Star Mag. -1 to +5 Mag. 5% 1 X | X




- EOS MEASUREMENTS .

PRELIMINARY"

Eh=prceT

*EAS. I:D. - MEASUREMENT .DESCRIPTION RANGE | ENG. 1 ACC- SAMPLE MEAS. CTASS
_ L0 HI UNITS } URACY | BATE ' g | T | 0
AC@6 D Fine WHI, 8/C Direct (Pitch) ceu/ew 1 x 1 x
ACQ7 D Fine WHL S/C Direct (Roll) cowW/cwW 1 X | x
ACOI8 D Fine WHL S/C Direct (Yew) ocw/cw | 1 x | x
ACOLI9 D Fine WHL Switch to Dig. Sun Sens. ENG/DIS 1 X | X
'ACO20 D Fine WHL Switch to Dig. Sun Sens ENG/DIS 1 X | x
ACO21 T Fine WHL Int Temp (Pitch) 0-130 p 54 1 x | x
ACOR2 T Fine WHL Int Temp (Roll) 0-130 OF 5% - 1 x I x
| Acoe3 T Fine WHL Int. Temp (Yew) 0-130 °F 5% 1 X | X
Acceh P 'Fine WHL Press. (Pitch) 0-5 Torr | 5% 1 X I X
ACO25 P Fine WHL Press (Roll) 0-5 Torr 5% 1 X | x
AC026 P Fine WHL Press (Yaw) 0-5 Torr | 5% 1 X | X
ACO27 R Fine WHL Speed (Pitch) 0-1000 RPM | 5% 1 X | x
ACO28 R Fine WHL Speed (Roll) 0~1000 RPM | 5% 1 X | x
AC029 R Fine WHL Speed (Yaw) 0-~1000 RPM 5% 1 X | x
ACO30 D. Very High Thrust Jet (VHTJ)(+) Pitch ON/OFF N/A 1 x | x
ACO31 D VHTJ (-) Pitch ON/OFF N/A 1 X | x
ACO32 D VHTJ {+) Yaw ON/OFF N/A 1 X |x
ACO33 D VHTT (=) Yaw N /OFF N/A 1 X X
ACC3Y4 D High Thrust Jet (HTJ)(+) Pitch ON/OFF N/A 1 X |x
'ACC35 D HIJ (-) Pitch - ON/OFF N/A 1 x |x
ACO36 D HIJ (+) Roll ON/CFF N/A 1 x |x
ACO37 D HIJ (-) Boll ON/OFF N/A 1 x Ix
ACO38 D HTJ (+) Yaw ON /OFF - N/A 1 X |x
AC039 D HEJ (=) Yaw ON/OFF N/A 1 X ¥
ACOLOD RGA Pitch Rate (16 BPW) ' 1 X X
AC 041D RGA Roll Rate (16 .BPW) 1 X X
AcObk2D RGA Yaw Rate (16 ‘BPW) o 1 X x
ACOL3D ~RGA ATT Null (Pitch) Yes/No 1 X X




114 A O

EOS MEASUREMENTS .

PRELIMINARY

| RANGE ENG. | ACC- |SAMPLE |MEAS. CIASS
MEAS. I.D. MEASUREMENT . DESCRIPTION
10 HI UNITS |URACY | RATE | g | 7 | 0
AC Ok D RGA ATT Null (Roll) Yes /No 1 X X
AC oD RGA ATT Null (Yaw) Yes/No 1 X X
ACOLAD RGA HTRS, ON/OFF 1 X X
ACOL7 D RGA Gyro WHL Speed (Pitch) Yes/Mo 1 X { X
ACOLE D RGA Gyro WHL Speed (Roll) Yes/No 1 b 4 X
ACOL9D RGA Gyro WHL Spéed (Yaw) . Yes/No. 1 X X
AC 050 D RGA Null (Pitch) 1 x | x
ACO51D RGA Null (Roll) 1 X X
AC.052D. RGA Null (Yaw) 1 X X
AC 053 & RGA Err. (Pltch) 4o Sec | 19 1 X | X
AC 054 A RGA Err. (Roll) 4o See 1% 1 X X
AC 055 A RGA Err. (Yaw) 10 Sec. | 1% 1 X X
AC 056 T RGA Elec. HS Temp 0-130 oF 54 1. X X
AC 0577 RGA Gyro HS Temp 0-130 OF 5% . 1 X X
AC 0587 RGA Gyro HS Temp 0-150 oF 54, 1 X X
AC.059T RGA Gyro HS Temp 0-150 OF 54, 1 X X
AC 060 T RGA Gyro HS Temp 0-150 OF 5% 1 X X
AC 061R RGA Rate Err. (Pitch) 215-217 sec /See | 1% 1 X X
AC 062R RCA Rate Err. (Roll) k1,0 Sec/sec) 1% 1 X X
AC 063R RGA Err. (Yaw) 1.0 Sec/sec| 1% 1 X X
AC.064D Low Thrust Jet (LTJ) (+ Pitch) ON/OFF - - 1 X X
AC 065D LTJ (- Piteh ON /OFF 1 X X
AC 066D LTJ (+ Roll) ON/OFF 1 X X
|
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EOS MEASUREMENTS | PRELIMINAR\}

A RANGE ENG. | ACC- |SAMPLE {MEAS. CIASS
IEAS. I.D. MEASUREMENT . DESCRIPTION N | ; ‘
LOHI | UNITS|URACY | RATE |y | T | o

ACOBTD LTJ (-Roll) . Ol /OFF 1 x | x
ACO68D LTJ (+ Yaw) ‘ : ON/OFF 1 X X
AC069 D | LPT (- Yaw) | ON/OFF 1 X | X
| Acorop | Mag. uNDG sys (MUS) Torquer Pwr. ON/OFF 1 x I x
ACOTL G | MUS. MegneTometer (Piteh) _ - }0s0.6 GAUSS | 5% 1 X} X
ACO72 G | MUS MagneTometer (Rell) . |00.6 5% 1 X | x
ACOT3 G MUS Magne Tometer (Yaw) 0+0.6 ' ' 59 1 ¥ | x
ACOTLY MUS Unldg. Coil (Pitch) . 0-5 Volts | 1 x | x
ACOTSV MUS Unldg Coil (Roll) 7 | 0-5 Volts 1 X X
ACOT6V MUS Unldg Coil (Yaw) 0-5 Volts 1 x | x
ACOTTD : ~ Gyro Select (Pitch) 1 X X
ACO78D . Gyro Select (Roll) 1 X X
ACO79D Gyro Select {Yaw) 1 X | X
ACOB0D Remote Unit A Fail 1 X X
ACOBID | Remote Unit B Fail ! X & X
ACOB2D Sig. Cond. Fail - © 0-5 voe | w3 |1 X | x
ACO83V Sig. Cond. (A/D) Cal. 1 | 6-5 VIC | +.5% 1 X | x
Acoslv 8ig, Cond. (A/D) Cal. 2 0-5 vDe | +.5% 1 X | X
ACO85V Sig. Cond. (A/D) Cal. 3 - 0-5 e | +.5% | 1 X | x
ACOS6T '  ACS Mod Temp #1 ' | : 0-120 °F | 1 X | X
ACOBTT ACS  Mod Temp #0 w " 0-120 oF 1 X | X
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EOS MEASUREMENTS =

PRELIMINARY

RANGE.

MEAS. I.D. MEASUREMENT DESCRIPTION ) ENG. [ ACC- |SAMPLE |MEAS. CIASS
- LO HI UNITS [ URACY | RATE [ g [ 1 [ o

CDOO1 D Computer-Fail 1 X X
CDO02 D Computer Decision Reg, BIT. N/A X| X
CDO03 D Computer Carry Reg. BIT N/A x| x
CDOOL D C'omputer Overflow Reg. BIT K/A X\l x
CDOJ5 W 'COmputer Inst. Save Reg. BIT (1l bits) N/A x| x
CDOOG W Computer Tnst Add Reg. BIiT (18 bits) N/A X x
CDOOT W Computer Mem'y Oprnd Reg. BIT (18 bits) N/A x{ x
CDO08 W Computer Page Reg. BIT (b bits) N/A x| x
CDOOY W Computer Accumalator Reg. BIT (18 bits) N/A x| x
CDO10 W Computer Inst Cntr BIT N/A X | X{
CDO1l W Computer Extended Acc. BIT N/A x| x
CDO12 W Computer Index Reg BIT N/A x| x
CDO13 W Computer DMA Blck Lngth Add (18 bits) N/A X] x
Cpo1k W Computer DMA Cycle St1 Add (18 bits) N/A x| x
CDO15 D CMD DCDR Stdby Off/0n 50 x| x
CDO16 D CMD DCDR Operate Off/On 50 X X
CDO17 D CMD DCDR Execute 0ff/on 50 x| x
Cbol8 D CMD DCDR -Reject - off/on _ 50 X | %

- CDO19 W . 'Veh, Time Code Word #1 130 par bits| n sec| 10% 50 x| x
CDO20 W Veh. Time Code Word #2 30 par bits| m sec| 10% | 50 X x|
CD0O21 D Bus Cont'lr Form Fail ' 1 X| X
CDO22 D Remote' Unit Fail 1 x| x
€Do23 v Receiver Temperature 0 to s VDe 5 9 1 X | X
cpo2h v RDU Decoder Aciivate, 0 to 20 VIC 549 1 X X
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EOS MEASUREMENTS .

RANGE ENG. | ACC~ (SAMPLE |MEAS. CIASS

MEAS. I.D. MEASUREMENT DESCRIPTION
LO HI UNITS | URACY | RATE | H T] 0
cDo25 v RDU Carrier Presence ‘ 0 to 20 VDC 4 1 ' X[ X
CDO26 V RDU State Fhase Error ' ' 0 to5s VD¢ 5% 1 X X
CDO27 V RDU Signal Strength Q + 20 VB | 5% 1 Xf x
cpo28 v XMTR RF Power ' ' 1 0%o5s voe | %% | 1 X[ X
Cho29 v XMIR Temperature . 0to5 VDG 5 s X X
CD030 D Renging On 0 +20 VIC | % S X! X
CDO31 b Antenna Select Position Q +20 voe | 5% 1 x| x
CDO32 D Sig. Cond. Fail _ o-5 VDC | +.% | 1 x| x
CDO33 V Sig. Cond (A/D) cal. 1 0-5 VDC | +.5% 1 x| X
cpo3k v Sig. Cond (A/D) cal. 2 1 o5 . ooy +.5% | 1 ‘x| -x
CDO35 Vv Sig. Cond (A/D) cal. 3 o5 | v | sm| 1 x{ x
CDO36 T ¢ & DH Mod Temp #1 0-120 °F 1 x| x
CDO37 T C & DH Mod TBup #2 0-120 op 1 xl x
CDO38 T Computer Temp ' 0-120 °F 1 X X
D039 T Controller/Form Temp 0-120 . °F 1 X X
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EOCS MEASUREMENTS

PRELIMINARY

0s-2'E"T

MEAS. I.D. MEASUREMENT - DESCRIPTION RANGE - | ENG. [ ACC- |SAMPLE |MEAS. CLASS
LO HI UNITS { URACY | RATE |5 1 T {0
EP-001T Soler array temp A =100 to+200] Deg F | + 2°F 1 X | X
EP-002T | Solar array temp B ~100 to+eoj Deg F|+2°F | 1 X | x
EP~003T Solar array temp C ~100 to+20C| Deg F | + 2°F 1 X X
EP-00LT Solar array temp D ~100" to+200] ‘Deg F | + 2°F i X X
EP-005C Soler array current O to 20 AMP + 0.24 1 X X
ED-0C6T Battery 1 temp 0 to 140 Dag F | + 2°F 1 Y X
EP-007C Battery 1 HI current -20 to +30 | AMP +0, 24 1 X X
EP-008V | Battery 1 voltage 20 to 33 | volt |+o0.wv]| 1 x | x
EP-009D Bat 1 volt/temp sense Disab/Enabl - - 1 X X
EP-O1"D | Bat 1 HIR Status offfon . | - 1 x| x
EP-011D | Bat 1 Status Diseb/Enab | - E 1 X | X
EP-0127 Battery £ temp 0to 140 | Deg H + 2°F 1 X i X
EP-013C Battery 2Hi current ~20 to +30| AMP |+ 0.2Af 1 X | x
EP-01h4v Battery 2 voltage 20 to 33 |volt |+0.1v) 1 X | X
EP-015D Battery 2 volt/temp sense Disab/Enab - - 11 1 X
EP-016D | Bat 2 HTR status - 0f£/on - - 1 x | x
EP-017D Bat 2°status Disab/Enab - - 1 X | X
EP-018V Bat chrgr input volt 40 to 125 Volt +IV 1 X X
EP-0197 Bat chrgr temp ' 0 to 1L0 . Deg F} + 5°F 1 X X
EP-020D Bat volt LIMIT level 1 Off/dn - - 1 x | x
EP-021D | Bat volt limit level 2 off/on . - - 1 X | X
EP-022D Bat volt,limit level 3 Off/on - - 1 X X
EP-023D Bat volt limit level L Off/ON - - 1 X X
EP-02kD Bat c¢lryr float 1vl Disab/Enab - - 1 X | X
EP-025D Bat Charge trickle Disab/Enab - - 1 X X
EP-026V PDU bus voltage 20 to 33 | volt | +0.1¥ 1 x| x
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=o8 IEASURRMENTS PRELIE.UNARY

MEAS. I.D. MEASUREMENT DESCRIPTION RANGE ENG. | ACC- ISAMPLE \MEAS. CIASS
' : LO HI UNITS | URACY | RATE H Tlo
EP-027C Total busl currents < 0 to 20 AMP +0,.24 1 X 1%
EP-028C - ACS mod. bus current . 0 to 20 | AMP zo.aa 1 X | X
EP-029C C & DH mod. bus current _ 0 to 20 AMP 10.2A 1 Xix
EP-030C OA & T mod. bus current 0 to 20 AMP 1 +0.24 | 1 X {X
EP-031C Inst, mod bus surrent " | 0to20 e Js0.2a ) 1 X § X
EP-0328  SAD Wide Angle Sun Sensor ‘ 180 to+18Q Deg *+ -57; 1 X |x
EP-033T - | SAD motor temp . / Oto160 | Deg F|+5% | 1 X | x
EP-03h4a Sab shaft position - o] fo .360 Deg + 5% 1 X lX
EP-035D EER Prim bus status - Off/0On - - 1 X
EP-036D EEDSEC bus status ' Off/on - - 1 X
EP-037D SIR ARR launch INH status | orefon | - - 1 x| x
EP-038D . Remote Unit'Fail | 1 X | x
ER-039D Sig.-Cond. Fail o 0-5 f vbe [ +5% [ 1 X | x
EB-0Lov Sig. Cond (A/D) Cal. 1 ' 0-5 voe | +.5% 1 x | x
EP-OL1Y Sig. Cond (A/D) Cal, 2 : ' : 0-5 voe | +.5% | 1 X1 X
EP-0L2v Sig. Cond (A/D) Cel. 3 . *0-5 VDC | +.5% { 1 X | X
EP-0L3T Elec. Pur Mod Temp #1 1 o-120 op . x | x
gp-obbhr - Elec. Pwr Mod Temp #2 , 0-120 | °F 1 X1 X
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EOS Y asurbiznTs
MEAS. I.D. MEASUREMENT DESCRIPTION . %{w% | Uﬁgs gﬁgm MEAS, CLASS | LAUNCH VEH, CONGIC.
OMOOLP | Hydrazine Tark #1 Press. 1 X |x X X |x
0AOO2P " A A 1. X |X X X X
OAOCO3T "o " #1 Temp. 1 X X X I X
OAQOLT " " # Temp. 1 X X X |X
OAOOST | Thruster Ass'y. #1 Temp | T 1 “tx X X |
0AOGET | " "o " 1 - 1 X X x |x
OAOOTT " R B | .o 1 X X X |X
onoo8T | " mo . - g 1 1x X X [x
O.A009T ' 1 ‘ n #5 17" l X . X - X x
OAQLOT noe L S ‘ 1 x | X . X |x
{ omour " L ' ' 1 X X X |x
‘;F 0AD12T " " # " 1 X X X %
N 0A013T "o A 1 X X X |x
oaokr | " " #10" - - . i1 X X x ix
oao15T  |" S gt - ' . 1 X X x |x
oa016T . | " - v o " 1 X X X X
OAQL7T " "3t N 1 X X X |X
OAO]_BT n | vo'n #114 n ‘ 1 ¥
0A019T " M s L R | 1 X X
OAOEOT | ", ) " . #_16 1" - . . . . ) .. .
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' RANGE ENG, | SEMPLE | MEAS, CLASS | LAUNCH VEH. CONGIG.
MEAS. I.D. MEASUREMENT DESCRIPTION LO-HT . untTs |RATE
' # |t lo T ITTB| Wer {2010
OAO21T Thruster Ass'y. # 17 Temp. 1 X X XX
0A022T " o -#18 1 X X X
040237 moo g " 1 X % ‘x|
OAURLT ) " #20 " i1 X X ‘XX
0A025D Latching Valve #1 0/C’ ' - 50 X
CAO26D " S # ofc ' ' R 50 X
OA027D "o " #3 o/c : 50 X
0A028D Remote Unit Fail _ e K 1 x tX X X X
OAOZ9D Sig. Cond. Fail . 0-5 " voe 1 x | X X b X
0A030V Sig. Cond (A/D) Cal. 1 L 1 o0-5 vDC 1 X X X x |'x
QAO3LV Sig. Cond (A/D) Cal. 2 | 0-5 vDC 1 x §x X x | x
0AO32V 'sig. Cond (A/D) Cal. 3 ' 0-5 voe | 1 X | x X x | x
0AO33T OA & TMod Temp #1 ' 0-120 | °F 1 x| X X X X
OAO3NT OA & TMod Temp #2 - ' 0-120 °F x ! x X X X
OTCO1D SRM Safe& Arm Device Number 1 1 X ‘X X X 4
0TO02D n.oow oo m g 1 X X X x| X
0T003D n_on - 1 x | x X X | X
OTOOLD noon nooom nooy ' 1 ix | x X x | x
i'
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EOS MEASUREMENTS

A & H

e Ry

=241

RANGE ENG, | SAMPLE | MEAS. CLASS | LAUNCH VEH. CONF1G.
MEAS, I.D. MEASUREMENT DESCRIPTION LO-HI UNTTS | RATE I
H j? Jo |rs |TP | DB|DP |2910

THOOLT STRUCTURE TEMP. #1 1 X

Tm'r LU 1 2 1 X

‘I‘ED03T " t . 3 1 X

THOOLT g 1 X

THOOST " . 5 1 X

TMT 1 1 ' 6 1 X

THOOTT " " 7 1 X

THOORT " " 8 1 X

merr n " 9 i X

THOT " " 10 1 ¥

THOLT 1 1 11 i X

THR2T " 1 12 1 X

‘I'H)laT "y 1 13 1 X

TiblhT " " 1’-& i 7 )4

TI‘D].BT " n 15 1 X

THO1L6T " " 16 1 X

THOLTT " "q7 1 X

THO18T " " 18 1 X

TI'D19T 1" n 19 1 X

THO2OT ] n 20 1 X
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.3  Electricel Power Subsystem

}.3.3. /- Requirements Definitions

module and a mission peculiar solar srray. The EPS shall satisfy the basic EOS
mission and spacecraft reaquirements as well as being adaptable to a variety of

other earth orbiting spacecraft missions,

monitoring the power derived from the solar array. Energy storage and control fune-
tions shall be of :a modular'ﬁesign s¢ a5 to permit opfimization'of‘subsystem per-
formance, weight, reliability and cost to specific mission requirements. Commandl
and telemetry requirements shall be compatible with remote command decoding and
telemetry multiplexing equipment contained in the pcwe? module.

TaB:& 1.3.3-1 defines tentative spacecraft/mission electrical power‘requirements.
The basic spacecraft (exclusive of mission peculiar payloads) is estimated to re-
nquire approximately 300 watts of orbital average pﬁwer., EOS instruments and other
associated payload equipment can range from an average of 150 watts to over 350
_watts. Including missions other than EOS could result in an average payload power
¥ of up to 500 watts. Therefore, the elecirical power subsystem design load capabil-

1000 watts orbital'average,

cation to be 5.6 KW for®10 minutes, either day or night. This requirement, which
is assumed to be contributable to the peak power fequired by a Synthetic Aperature
Radar was reviewed and now appears to be somewhat high. Present estimates of the

SAR delta-peak power required are in the order of 1.3 KW over the normal spacecraft

imately 2 KW.

The electrical power subsystem will consist of a standardized power subsystem

The power module shall be capable of controlling storing, distributing and

based upon this tentative load analysis, should be in the range of 400 to.

The peak load regquirement was defined by NASA in the EPS sﬁbsystem specifi-

Therefore, maximum pesk loads for the EOS, are not expected to exceed apDTOX-

These power requirements as well as other requirements which have a major im-

on the electrical power subsystem design, configuration, performance, weight,

{PREPARED BY ‘ ) ' GROUP NUMBER & NAME DATE . CHANGE
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TITLE A
"33
WB5 NUMBER
S 1,7.3 2/1.7.3.7
Table }.3.3-1-A
EOS ELECTRICAL LOADS
BASIC SPACECRAFT
. Surv,
Avg. Operational Power Ave.
No. of Units Range Design Pwr.
No. Opr. (Watts) (Watts) (Watts)
2 ACS Module
~ Rate Gyro h/3 -23- 23 -
— Star Tracker 2/2 -28- 28 -
— Reaction Wheels 3/3 3-k4s 21 -
— Magnetic Torquers 3/3 B-16 10- . 10
~ Processor Elec, 1/1 -10-~ 10 10
— Remote Decoder | 2/2 Negl. - -
— Remode MUX ' 2/2 Negl. - -~
ACS Sub-total g2 20
o C&DH Meodule
~ Transponder -6~ 6 &
~ CMD Decoder -3~ 3 3
— Format Gen -2- 2 2
~ Clock b b b
~ Computer ~l7- L7 38
-~ Tape Recorder -8- 8 -
— Remote Decoder Negl. - -
— Remote MUX Negl. - -
— Sensors -10- 10 10
C&DH Sub-total 80 63
PREPARED BY T GROUP NUMBER & NAME DATE CHANGE
LETTER
REVISION DATE
APPROVED BY l 7 pacel.3.3-2
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TITLE

TRA
NO,

DE STUDY RFBORT

1.3.3

was

NUMBER

1.7.3.2/1.7.3.7

Table 1.3.3-1A (cont.)

. surv,
Avg. Operational Power Ave.
No. of Units Range Design Pwr,
No. Opr. {Watts) (Watts) {Watts)
& Power Module
— Sig. Cond Assy. -2k -2h- -2l
= Solar Array Drive 12-20 -20 - -20-
PM Sub-total Ly 4L
¢ Thermal Control
— Gyro HTRS* -10- 10 10
— Thruster HTRS* ~15~ 15 15
~ Misc. HTRS* 75-125 75 75
T.C. Sub-total 100 100
@ Pneumatics/Orbit Adj. Mod.
-~ Thrusters 200W/50ms negl./50ms Negl.
P/OAM Sub-tctal _ Negl.
NORM
OFS SURV.
Basic Spacecraft Total 316 D27W

be required,

#Powers indicated are allocations for preliminary sizing and may not necessarily

PREPARED BY

GROUP NUMBER & NAME

DATE

[CHANGE
LETTER

REVEISION DATE

APPROVED BY
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TITLE

TRADE STuDY REPORT
RO.

i.3.3

wWBS NUMBER

1.7.3.2/1.7/3.7

TABLE

1.3.3 = 1B

EOS ELECTRICAL LOADS

INSTRUMENT PAYI.OADS

Avg Power

PREPARED BY

APPROVED BY

_ GAC 3711
a-72

Min. Delta
Cont. Delta Duty

Pur Pur Cycle Range Design
Instrument (W) (W) (%) (W) (W)
™ 45 0-155 0-50 h5-122 hs
HRPI 45 0-155 0-50 Ls-122 Ls
DCS 10 30 30 -19- 19
SAR - 500~1500 20 100-300 200
PMMR - 75-150 20 15-30 20
M3S 65 - - -65- 65
W.B. COMM & D.H. 35 350 10 =70~ 70
SMM Inst. 174 - - -17h- 174
SEASAT Inst. 360 280 50 -500- 500
SEDA Inst. ‘5 70 50 -110-~ 110

Powgr

Instrument Complement Total

E E E :é EC;\E! E Orzi’;al

E w oo g; v j} ;; §1§ 2 '§£§ |’é D;i;gn
Mission g B & @ 2 5 Hs g1 & { 5 (W)
Delts 2910 X X X 316 }199 515
LRM X X X 316 | 179 495
M X 316 | 174 490
SEASAT X 316 | 500 816
SEOS X | 3161110 426
EOS-B X X X 1 316|334 650

E
L |

GROUP NUMBER & NAME

DATE

CHANGE
LEFTTER

REVISION DATE
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TITLE ’
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and cost are summarized in Tahle {-33-2, The general subsystem design reguirements

common to all subsystems have not been included in the table. .

7 .
Table 1.3.3 -2 MAJOR EPS DRIVING REQUIREMENTS

Regmt /Range _ Influence
Mission ' _ o .
Orbit: ‘a) 200 t0_900 n mi, 0«90 Affects dark & light durations
: including sun-synch @ 9:30 ‘and radiation environment which.
AM to 12 Noon. in turn affect EPS sizing, &
b} Geosynchronous | welght & cost.
Life: a) operational 2 to 5 years Affects battery life (depth-of-
b) design 5 years | discharge) and solar array de-

gradation - Direct influence on
size, weight and cost of EPS

Pointing: a) earth-pointing Affects solar array configuration,

b) inertial pointing orientation and size
Spacecraft i
Power: a) Orbital average 400 to 1000 | Direct influence on size, weight
watts cost of overall EPS
b} peek (delta) 1.3 KW, for
10 minutes
Prime bus : . :
Voltage: 28 =7 vIC Affects EPS configuration by

eliminating need for prime
power conditioning

S REPARED BY GROUP NUMBER & NAME DATE CHANGE
. LETTER
REVISION DATE
APPROVED BY ‘ : , '
‘ , pace 1.3.3~5
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1.3.3, 2. Configuration Alternatives

§.9.3.2.! - General System Considerations

In evaluating the overall configuration of the prime EPS functions of solar
energy conversion, control, energy storage, control and power distribution, specific
EOS orbit, life and power requirements were considered only as typical within the
more general requirements for true multi-mission capability. Flexibility to erfi-
ciently accommodate the full range of reguirements was a major criteria in selec-

tion of an overall EPS configuration.

The interface between a standardized, multi-capability power module anéd a mis-
sion.peculiar solar arrdy Wés & key consideration in evaluating overall system
flexibility. Space cralt solar arrays have historically represented approximately
50% of the total EPS cost and any solar array cost savings usually result in re-
ducing the total EPS cost. For some missions, fixed solar arrays and/or existing
solar array designsand- configurations may be the most cost—effective appromch to satis-
fying the mission requirements provided efficient utilization can be made of avail-
able golar arrasy power. The efficient utilization of sglar array power is in part,

governed by the configuration and components within the power module.

IPREPARED BY GROUP NUMBER & NAME DATE CHANGE
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Several basic types of solar erdy control and energy storage and control con-

figurations were considered for application within the standardized power module.

Genersl solar array control techniques that were considered were :

& SHUNT
— Full or partial, active regulators
- Switching "on-off" control of array segments
— Pagsive vcltage 1imitiﬁg - such as "on-array" zener dicdes

@ SERIES

— Active, WM regulatién with and without solar array maximum power tracking.

® HYBRID - (both series and shunt control)
- Combinations of above shunt and series control approaches.

Table‘ﬁﬁ'Eidentifies some of the major advantages and disadvantages of the
three major types of control. On a quantitative basis, mission pécpliar re-
quirements and trade~offs would tend to identify either the series or shunt
approach asg being optlmum for that partzcular mission, however, for the power
system that is standardlzed yet capeble of satisfying many missions, the pre-
ferred approach is that w1thlthe most flexibility. Within the scope of the

types of solar array control techniques, only the hybrid approach is satisfactory.

The problem of efficiently utilizing solar array power where-the golar
array max. power peint is not matched to the prime system voltage is most effec~
tively solved by the use of series regulation. The capability to track the
array max. power point allows efficient utilization of thermal transient energy,
‘when this energy is significant. On the other hand, maximum power tracking of the
@rray for some situations may actually reduce the overall system efficiency, in

which case, provisions'are'included to short out the series regulator/MPT for

initial battery chargirg.
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'Table 1.3.3-3 EPS System Configuration Alternatives

EPS Byvien Config Akcmmctivea

1. Batesry Chorge/Dischurgs Contrel
A — Che/Qicch Aaguiation
N

—_?_ B —En VT, REGULATED
CHARGE ISCHG
REG. AEC.
v
I UNRGE BC
—> EGIT-JV
oAV
LOOR Ml
vOLTAGE
aaTr
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" lator. Control of the auxiliary array can be as simple as sizing the array such
"that it can never svpply the entire spacecraft power and is therefore inherently

voltage limited by the batteries,

Disadventages of the total sérieé,approach are that all s?acecraft load
and battery charge power passes through the series regulator and is therefore
subject to the inefficiency losses of the regulator. In addition,the power handling
capability of the regulaﬁof limits the max. system load capability. As a
remedy for this situation, a dedicated segment of the solar arrdy termed an
auxiliary array, is operated in a direct energy transfer mode and supplies its

power directly to the spacecraft load without passing through the series regu-

For missions where the auxiliary array degradation in power capability may
be zignificant and/or reduction in spacecraft load can be predicfed in advance
"on-off" conﬁrol of auxiliary array circuits (shorting of circuits with solid
state switches or relays)rcould be effectively implemehted and controlled by
ground and/or spacecraft computer commsnds. For some missions where overall
system efficiency may be optimumized if all spacecraft load bower is supplied by
the auxiliary array, zener diodes, located dn the_array may be an effective méans

of voltage limiting.

For EOS and follow-on misslons, the ugse of a series regulator with cap-
ability to be shorted out or max. power track a part or all of the solar array,
in‘conjunction with an euxiliary arrey will provide the maximum flex-

ibility to accommodate a wide range of mission and spacecraft requirements,

The configuration of the energy storage snd regulation functions in the
ﬁower module are to a large degree selected on the basis of the allowable
prime bus voltage of 28 + 7VDC and the high delta peak load currents required by
the g ynthetic Aperature Radar. Peak load current battery discharge rates will'r
be minimized (and therefore extend battery life)by using high”béttery voltages.
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.8.3.2.2 Power Module Alternaiives

On the other hand, userof an extra high voltage that requires a buck regulator

to satisfy prime bus voltage requirements, places a restriction on pesk loads
and/or compromises the regulator design. Since a 22 cell, Nickel-Cadmium battery
will satisfy the prime bus voltage regquirements without additional active reg-
ulation and will provide satisfactory peak load capability, this configuration is
selected for the standardized, power module.

The basie functions included in the power module are:

Solar array control
Energy storage control .

e © «

Energy atorsge
@ Interface control

o Command, telemetry and monitoring

The major EPS functionel requirements of energy storage and control and
golar array control can all be implemented with existing or slightly modified
equipment with little or no risk in developing new equipment. A case in point
is the demonstration model EPS fabricated by NASA. This baseline system satis-
fies the basic E0S requirements for a modular, multi-mission capability EPS.
Therefore, the major thrust of the Grumman EPS design-cost trades were to identify

cost effective improvements to the basic NASA configuration.

Two subsystem functions were considered as likely candidates for improving

the cost/performance characteristics of the demonstration power module.

® Solaer array battery control
@ Battery alternatives
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1.3,3..2.2.1 Solar Arxay/Bebtery Control Alternatives

As discussed in the preceding general EPS system considerations, the
preferred approach to solar array control is the use of series regulation of

a portion of the solar array and direct-energy-transfer, battery clamping of

-the remainder of the solar arfay, The direct-energy-transfer, auxiliary array.

is sized and configured to support some percentage of the spaceéraft load.

The remainder of the load plus ﬁhe battery recharge power is prbcessed by. the
gseries regulator. In the GSFC deﬁonstration power module, this series regu-
lation function is'performéd by the 0A0 Power Control and Regulator Units.
Figure 1,331 depicts the system load capability limitations of an OAO system that
incorporates 120 A,H. of battery capacity. The figure is based upon a typical
FOS orbit of 400 nautical miles. As can be seen in the figure, the OAC PCU and
PRU will adequately satisfy the full range of FOS and identified follow-on

mission requirements.

As alternatives to the QA0 control equipment, consideration wa.s given to

two other series regulatdrs that are, at least superficially; suitable for HOS.

@ Modifiegd Skylab/ATM Charger-Battery-Regulator Module (CEBRM)
e Modified USAF/ELMS Battery Charger

The Skyleb/ATM CBRM is a single package that incluﬁes a series regulator,
a line regulator and a 24 cell, 20 A.H battery. Sinee the line regulator
function is not reguired for EOS, consideration was given to fepdckaging just
the series regulator sectlon. This wad rejected due to the time, cost and
risk of . repackaglng plus the need to modify a maJor portion of the basic cir-
cuitry in the un1t

The other alternatlve considered was a series regulator/battery charger
that was originally designed for the Skylab Orbital Workshop power system and
subsequently modified for the Grumman/USAF EILMS program. This basic charger has
a number of features which are particularly well suited to a modular EPS that
is required to satisfy a wide range of orbitallpower requirements, A Summary

comperison of the OAO equipment versus the ELMS battéry charger is given in
Table £33 -k,

HGAC STV Y
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Modifications to the present ELMS battery charger were considered for the
EOS; ‘ . .
® Modify drive and control circuits to allow minimum input voltages of
35 VIC.

e Addition of provisions for independent battery charge control sensing
 for multiple, parallel batteries. '

® Incorporation of required charger mode control funetions inside charger

package.

The volume required for the mode control functions is too large to be .
placed in the existing package. Since the location of these functions is not
critical this modification was eliminated in favor of locating the functions in

a central power control unit.

The original Skylab and present FIMS battery charger minimum allowed solar
array max. power voltage is approximately 45 v.D.C. By limiting the minimum
voltage to this value versus allowing the minimum voltage to be asllow as 33 to
35 volts, charger efficiency is reduced from its optimum by about'e%. Modification
of the charger drive and control module circuits can be made which will allow an
input voltage minimum of 33—35 VDC. The cost of this change could be offset by
the reduction in required solar array area plus provide the additional advantages
of reducing power module heat generation and increase the flexibility to accom-

modate a wider range of solar array characteristics.

_ One of the general system design considerations that has a direct influence
on the series regulator/battery charger is the requirement to charge control a
group of batteries with stored energy from approximately 40 to 120 ALH.

This stored energy regquirement could be satisfied with between two and six 20 A.H
batteries, however, with as many as six batteries charged and discharged in par-
allel, potential problems would occur with load sharing as a result of inter-
battery thermal gradients.' Providing acceptable temperature differences between

the batteries would complicate an already complex thermal design.

iy
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‘As an alternative Lo the use of large quantities of batteries, considera=
tion was given to satisfying the battery capacity option with two differént
capacity batteries. The 20 .A.H. size battery would be used for total
storage requirements ef L0 to 60 A.H., while larger capacity batteries of 36
or 45 A_H, would be used when total system capacity requirements are in
range of 60 to 120 A.H.

With the use of two different capacity batteries:

o The full range of storage requirements could be satisfied with either

2 or 3 batteries.

e Inter-battery temperature differences could be more easily minimized

and therefore improve - the battery load sharing and charge control.

¢ Changes to the battery charger - charger control circuits would not
be necessary from mission to mission, and therefore the charger could

be of a more "standardized" design.

o Power module wiring and battery control and monitoring functions

would not be so mission dependent.

e Power module - non recurring costs due to batbery capacity option

requirements would be reduced.

Tn the case of the OA0 Power Control Unit, provisions are already included
for independent charge control of up to 3 batteries. The PLMS battery charger
can presently sense only two batteries, and therefore should be modified to
accommodate three batteries. This modification is a relatively simple electrical

circuit change and would not affect the charger package.

The non-recurring cost of modifying the ELMS charger minimum input voltage
to improve.efficiency and to incorporate charge contrel for three batteries is
approximately $100K. The reduction in solar array cost and the improved flex-
ibility would Justify making these modifications.

1.7.3.2/1.7.3.7J

i
!
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All of the sbove energy storage requir
or slightly modified, 20, 36 or 45 A.H., batteries.

of existing or slightly modified batteries. In the case of the QA0 baﬁtery, a

tery cost of $85K per 60 A.H.
OAC battery set weight of 164 pounds is approximately 5 pounds heavier than 3I-{rumman
ELMS batteries.

TRADE STUDY REPORT

NO. 13.3

—q

1.7.3.2/1.7.3.7 .

WBS NUMBE

1.23.2.2.2 Battery Alternatives

evaluate candidate batteries were;

Twenty-two series connected NiCd cells per battery

other power module changes _
Provide total capacity option of %0 to 120 A.H,

Use existing designs, if possible,
-

tery for EOS and obtaln life data would be approximately $1.00K,

The basic energy storage configuration and requirements that were used to

‘Use two or three batteries to simplify battery charger and,-

ements can be satisfied with existing
Table 1.3,3-5 identifies & number

peckaging option exists where the present two assembly ~ 3 battery configuration
is reduced to a single, 22 cell package by shortening of the battery rails.

A comparison of the recurring cost per Ampere Hour and weight of the candidate
batteries indicates that weight and cost savings can be realized by using other than
OAQ batteries. By comparison, a modified version of the Grumman EIMS béttery, which
is a 22 cell 20 A,H, battery that utilizes cells identical to those in the OAQ bat-
tery, would cost $20.6K per 20 A.H. or $61.8K per 60 A.H. as compared to an OAO bat-
In eddition to the extra cost of the OAO battery, the

A relatively new battery that has been developed by Eagle Picher for the Philco
Ford NATO III spacecraft prohises,even better cost and wéight saviﬁgé. Three, 22
cell, 20 A.H, batteries using ﬁhe new lightweight battery cells could result in about
48 pounds of weight saving asz compared to the OAC battery. The recurring cost per -
26 A.H, battery is only $18.2K, however, the non-recurring cost to qualify the bat-

L
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% , o Table 1.3.3-5 _ EOS 22 Cell, Ni-Cd Battery Alternatives N ™
g 2 R
z- ® — Rated Weight Battery | Weight Dimensions ] 8 | 3 -
2 ;‘;R? Capacity Per Cell| Weight | Per A-H | (Inches) Recurring EE 2 u
22| Battery Mfg, AH (1bs) (1bs) |(1b/AE) | LW H Cost $/a8  |34(3 | &
a ‘mu br4 t':
E;"‘ 2 4] ©AO0, 3¥20 AH | Gulton 3¥20 AH | 2.1 164 2,73 2%(18 5/8 85K 1.42K
: x 11 x 10}
Modified OAO- | Gulton 20 AH 2.1 54.7  |2.73 12,6 x 11 | 30K 1.50K |,
gingle 20AH x 10 - E-
Modified ELMS |-Gulton 20 AH 2.1 53.1 2,66 12°6l+x 7.4 | 20.6K 1.03K
X Te
Modified SAR |Eagle Picher | 20 AH | 2.3 65.8 . |3.29  |20.5 x 8.5 | 13K 0.65K |
Bo22-5 - : x 6.5 z
' z
Modified E-P 20 AH 1.28 32.4 1.62 2.5 x 7.5 | 18.2K 0.91K |«
NATO I1Z x 5.3 E
Modified SAR | E-P 36 AH 2.80 89.9 2.50 19.8 x 8.5 | 17K 0.47K §
8055-19 . x 7.0 ‘ o
SAR 8054 E-P L5 AH 3.60 103 2.29 22,3 x 9,0 | 18K 0.4K E
x 8.2
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When stored energy requirements are in the 60 to 120 A,H. range, either a
36 A.H, or 45 A, H, battery would be used. On the basis of $/AH these size batteries
provide the most economfcal approach to satisfying large capacity requirémentsi

1.33.2.2.3 Misc. Power Module Alternative

The components and functioﬁslrequired in the Power Module other than the
energy storage and control and solar array control functions, are all basically
dictated by the general'configuration of the subsystem and interface, cbmmand, tele-
metry and‘monitoring requirements, Such requirements ag current sensing, signal
conditioning, bus protection do not involve any mejor design-cost trades but rather

only an optimization of cbﬁponents, location and prackaging.

Of special interest were the approaches to implementing the requirements'fér

module/spacecraft electrical cannectors suitable for on-orbit resupply.

The major‘goals considered for selection of a resupply discbnnect'&re as

follows: |
e Existing hardware (ﬁo de#elopment)
® Proven performance
2 Low cost? weight
® Rugged constfuction |

¢ Invironmental

See Table 1.3.3-6 for connector type comparisons.
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Table 1.3 3 -6 Resupply Connector Candidates
CONNECTOR VEHICLE
TYPH ADVANTAGES DISADVANTAGES EXPERIENCE
F-14A Weapons Rugged, proven High mating forces | F-14A Weapon
Rail Electri- design req'd; high cost Rail
cal Umbilical (relative)
Zero Insertion No mating force No hafdware; high None - Re-
Force : contact resistance quires
7 development
Rack/Panel Low cost (relative) High mating force; | DPK - APOLIO,
Types - ' reguire mechanical | Various air-
Cannon DPK, DFD guide pins; DPD craft
: type non-environ-
mental

1.3.3.2.3 Solar Array Alternatives

One of the major considerations in selecting the overall EPS configuration was
the flexibility in the electrical interface hetween the power module and the solar
array. This interface flexibility provides latitude in defining a solar array that

is optimized %o particular mission requirements.

Major trade-offs that are generally considered when defining a spacecraft solar

array include:

o Tixed vs oriented
@ rigid vs flexible

In general fixed arrays are preferred over rotating array from the standpoint
of reliability and vehicle dynamics. However for some missions, solar incidence
angles could result in the need for a very large array area and additional cost

and weight compared to an criented array.

In the case of EO3, the basic candidate orbits are sun-synchronous at altitudes
between 300-500 nautical miles with. descending node times of day (DNTD) ranging from
9:30 AM to 12 noon. Furthermore, the selection of the DNTD should be left as a
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variable, with final selectlon occurlng &5 late as when the spacecraft is "on the

pad” ready to go.

The question of fiXed array versus an oriented array for EOS is mos£ easily
answered by considering the noon-midnight orbit requirement;' For thiz condition
the sun is nominally:in the-orbit plane and all configurations of fixed arrays

~would require solar array areas of at least 2} to 3 times the aréa required by a .
single axis rotating array. Assuming &Darray cost of $3K/ft2'and an orientation
. drive cost of $150K the rotating array would be the'mOre cost effective approach -
for solar array areas in excéés of approximately 50 ft2. Since all prime ECS mis-
sions will require in excess of 100 ftg, the oriented arrasy is the only logical
choice, if cost is the prime consideration, However, rarely is the cost fhe'sole
criteria iﬁ seiecfing a. spacecraft solar array.. Weight, deployment/retraction,
stowege volumes, vehicle dynamics, and other overall spacecrafﬁ'system considera~

tions must be incorporated.into the selection of the solar array.

In the relatively reoént past, significant attention has been directed toward
reducing the weight of solar arrays. The conventional appro&ch-to_deployed arr&ys
was the use of a rigid substrate meterial such as honeycomb The rigid substrate
array had the advantage of minimizing spacecraft dynamic interaction W;th the S/C
control system and could be produced at a recurring cost in the order of $3K/ft
The main disadvantage of this type array is that weight is rarely less than 1 pound/
72, - |

The approaches:to significantly reduoing the array weight hdve generally all
‘employed & flexible substrate material that is stowed in a flat-pack (Z) arrange-
ment or & drum-roller similar to & window-shade. Weight reductions. to less fhan '
1/3 the weight of the rlgld array have been realized however the recurrlng cost/ft

have generally at least doubled.

Table 1.3.3-7 describes a number of existing rigid and flexible arrays which sre
t&pical of those:that could be considered for EOS, Considerihg the wide. range of
'choices'available, it would appear likely that the use of an existing solar panel
or array design could be used for EOS with potential cost benefits.
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8 :‘_ Table 1.3.3=7 TYPICAL SOLAR ARRAY CANDIDATES SUITABLE FOR EOS . J,
i I 2 | e
> |, ~ |Solar Array Recurring BElE |~
5> - lu~ | Type/Description Size Weight Power Cost Remarks e 8
RNERY 34l | =
8~ %f: Req'd Flat Panel - :
F2 |8 < [Xerox P=95 17 x 66 in 7.8 1bs 92,5 watts
0.300 alum 5 o
honeycomb 7.8 Tt (1.0 1b/ft"). @28%¢ $23K :
with alum face ; ‘ N ' 2 b
sheets ' : (11.9 w/ft"§$2.95 K/ft a
Reg'd Flat Panel -
Xerox Timation
IIIA Sh'' x 21.75" 17.2 1bs % W@ 28° C 37K w
(alum honeycomb ). (8.2 £t°) (2.1 1bs/ft%) (12 w/ft ) Bk, 5K/ft <
L.
Solar Cell Modules - &
Spectrolab ATM 120" x 24 . 63" est. 5 1lbs 35 W @8°C |approx $10K | natural g
(aluam honeycomb with freq z
alum face sheets) o - 5 5 %
(3.4 ££7) ~1.5 1b/ft (10 W/ft°) $3K/ft 0.25 Hz «
Flexible Roll-Up
Solar Arrsy-Hughes :
FRUSA DRUM 5 1/2 £t x 8" 70 1bs 1600 W, i$1.2M
laminated Kapton-H |dia arrey - two | Druam Assy 36 lbs {(~10 w/£t5)
film end fiberglass |[blankets each 0.205 1b/f%
- substrates 5 1/2 ft x 16 £t
! ' (Flown on USAF (166 £2)
E ‘mission, 1971)
Y
- Flexible Roll-Up Drum 8.2" x 8" 82 1bs (2500 watts INot natural
=) Solar Array - Die array 8.2" x Drum 36 lbs 10 W/Ft2) |Available | freg. less
- (RA250) 34 £t Blanket 46 lbs ‘ than 0.1
“ (.19 1bs/ft2 + Hz
g drum)
o,
ac
}g.
- >
m m
o O
& >
w < o)
: N
+ o o
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Solar Array Drives - Alternatives
of existing systems could be utilized with modification,

mission pecularlty/cost impact, \

TABLE /.3.3-& Solar Array Drive Requirements

' - . . ) 1:7-302/1-?-307:

For EOS missions, where solar array orientation is advantageous; & number

Table 1.3 .3-8 describes some of the Soler Arrsy Drive requlrements with respect to

MISSION PECULIAR

PARAMETER | REQUTREMENT MIN-MAX COST IMPACT -
Operating Voltage 28 t7VDC - -
‘Operation Continuous _ .
‘Bi-Pirectional
Modes _'i‘ra.c_k , CW/CcCcW . _
Yast Slew CW/CCW
Trace Speed : - ; 3.6 Degrees/Mln
: Nominal None
‘Fast Slew - 10-15 | None
Degrees/Min, '
Position Indicator | + 1 Degree . - . -
Torque (Inertis ‘ . .
Load) - - TBD Minimal
Power Transmission ‘ - 15754,
30-50VDC Minimal

exlsts solar array drive alternatlves

A - Continuous rotation of the array'(single direction)

During sunlight perlods of the orbit, the solar array will be driven to
magintain optimun solar {nciﬁence' During the eclipse or dark periods, there
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TRADE STUDY REPORT

TITLE ) TRADE STURY REPORT

"1.3.3

WBS HUMBER

1,7.3.2/1.7.3.7

B - Limited rotation of the array with automatic reverse fast slew

{start and stop) into proper orientation for entering back into light.

The optimum rotation selection for the EOS is a continuous drive compatible
with the sensitivity of the attitude control subsystem. The major determinant
for this tradeoff is the necessity to minimize resultant disturbance torques
created by periodic steps, starts, and I"eversalsn Because of this factor, the drive
will be driven via the Or Board Computer with updates as required to reduce angle
errors in lieu of the standard sun sensor closed loop system. See Para. I.3.1.9

for specific requirements.

Various motor types were evaluated. The major influencing factors for deter-
mination and selection are: reliasbility; lowest risk (life limited components);
low cost and weight; successful space application; and growth potential (redundancy,

increased torque requirements), See Table 1.3.3-9 for motor type comparisons.

The alternatives of power and signal transmission across rotating joints in-
cluded slip rings, flexcable, power clutch, rolling contacts, and rotary trans-
formers., The last three methods were eliminated as high risk items because develop-

ment is required and hardware, test data, and {light experience are lacking,

Flexcables are considered as first choice ahead of slip rings but are restricted
to limited rotation drive systems., Since the influencing trade-off primarily con-
cerns limited wversus continuocus rotation and not specifically transmission methods,
it can be concluded that slip rings will be utilized to transmit all electrical inter-

" faces between the solar array and spacecraft. Slip ring brush, ring, and lubricant
materials are considered state of the art and have accumulated many suecessful hours

in space applications. See Table 1.%.3-10 for slip ring and flexcable comparisons.

Based upon the foregoing, several existing drive systems were compared and
reviewed for EOS requirements, The prime considerations for candidate selection are
low cost, adaptability for modifications to meet mll parameters and requirements
and the adaptability toward growth potential (redundancy and resupply). Table 1.3.3-11

presents a comparison of candidate drive systems,
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Table 1.3.3-9 - Motor Type Tradeoffs
: TORQUE
MOTOR WEIGHT EFFICIENCY CONTROL, SYSTEM LIFE {Does Not
TYPE (ILBS.) | SIZE FT-~1BS/WATT COMPATABILITY { Include Bearings) REMARKS
DC Brush | 7.5 8" dia x 0.027 Excellent ‘Brushes are only Can handle
Type 1-3/4" wear elements., large inertia
- Torque However, 10 yrs loads, JTm~
is feasible pressive his-
tory of sue-
cessful space
~ applications
BC Brushe| 4 La3/L" 0.022 Electronic 10 yrs feaslble. Can handle
less Type dia x- Complexity : large inertia
Torgue 2-1/4 Otherwise loads, Very
Excellent complex
electronics
Servo 2=motor { No unit 0.00025 More complex 10 yrs feasible Poor torque
Motor S5=gear- | mfgr with | at motor electronies to per watt ratig
head torque control AC Inverter
rgmts ex- losses must
cept with be charged
extra against drive
gearhend
I L b3 /b 0.022 ‘Complicated 10 yrs question= High surge
Stepper dis x electronics able due to currents,
2-1/k repeated does not drive
mech shock inertia loads
‘well, Detent
torque could
be useful
AC 3-motor | No unit 0,00002 Complicated 10 yrs questione Poor torgue
stepper |[T-gear- jmfgr with electronics able due to efficiency,
head | torque : ' repeated mech high surge
rgmts ex-~ shock currents does
cept with not drive
gearhead inertia loads

7 well
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& 3 TORQUE
2 % | MOTOR WEIGHT EFFICIENCY CONTROL SYSTEM LIFE (Doxd Noy
TYPE (IBS.) | SIZE FT-LBYWATT COMPATABILITY Include Bearings) REMARKS
Induc- 20 10"dia 0,0007 More complex 10 yrs feasible Low starting
tion 11" long Electronies to torque, high
control AC starting surge
current., In-
verter inef- |
, ficiency must
' be charged to
drive
—]
AC 25 10" disa Poor = More complex 10 yrs feasible Poor starting
Synchro- 14" long | depends on electronics to torque without]
nous starting control AC aux. means,
method Inverter
losses must
- be charged to
3 drive.
3
Z |AC 4o 15" dia 0.002 More complex 10 yrs feasible Poor torgue
£ { Torque y S electronics to per watt ratiqg,
pu ' control AC Poor torgue
: per pound
z ratio. Inver-
m ter losses
charged to
drive.
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TRADE STUDY REPCORT

NO-1.3.3

W8S NUMBER
1.7.3.2/1.7.3.7

TAFLE 1.3.3-10 COMPARISON QF SLIP RING AND FLEX CABIE SYSTEMS (EQS)
‘Slip Rings ‘Flex Cable
Application 3600.continuous rotation Limited rotation
Space : o .
Experience - Many - only continuous operation Many -~ limited. rotation only
Restriction Limited rotation creates pile up Requires positive stop to prevent

of contact brush materlal

demage to. wire

D§ Lubricant

Selection important for space
application

Not appllcable

E{Efficiency

Contact resistance (friction) reduces

Reduced only by copﬁer feeder

TITLE

BRUMMAN

T P TRADE STUDY REPORT

rated stress and 30°C per brush/slip-
ring contact

efficiency ‘| resistance
8{Limited Life 81liding electrical contact wear None
Components
T EMT S51iding contacts create noise None
G{ Torgque Torque t0 overcome contacts is Torgue to overcome flex leads not
Requirements constant constant
N{Radiation Contact material/finish, dielectric, ‘Wire insulation selection important
Hardening lubricent, & wire insulation selec- ‘ ’
‘ tion are important o
Lifé Oscillation rate important because of | Can be accelerasted.for quick
Testing eritical combination of contact/brush guantitative results
- material/finish and lubricant SRR

5-WP18h$ Z 131b heavier than flex system Design simplicity reflects lighter
. Cost Higher than flex system welght & lower costs.
| Reliability Failure rate 860/107 hr at 25 percent | No published numbers - but system

contains no sliding contacts & has
no materiel/finish selection
eriticality

CHANGE

LETTER

REVISION DATE
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TRADE STUDY REPORY |

TITLE EgAUE STUDY REPORT
1.3.3
WBS NUMBER
. 1.7.3.2/1.7.3.7
Teble 1,3.%-11 Solar Array Drive Candidate Comparison
SELLER BALL BROS BENDIX HUGHES TEW
Model 080 ABAD FRUSA NIMBUS/ERTS
(Program) Components (Nimbus)
ELM3
Existing/Mod/ New Mod Mod Mod
New
Non Recurring $ | 85,698 88,993 891,615 Non avail,
Recurring $ 107,838 51,940 213,85k 280,800
Each S/C
Cost Risk Low Low Med High
Adaptability Good Excellent Fair Fair
to EQS ‘
Reguirements
1.3.3.3 Selected Configurétion

i

The basic EPS system configuration selected for further study and‘definition is shown
in Figure L3.3<. This preferred EOS-EPS configuration is functionally the same as the

GSFC-0AQ power system configuration and was selected for EOS for the following reasons:

o All major power functions can be satisfied with existing or modified components

and therefore reducing or eliminating development risks,

@ The system offers the most flexibility to be optimized to specific mission re~
gquirements without major changes to power module components, harness or inter-

faces.

@ The system satisfies all EOS requirements for a self-contained, standardirzed,

modular power system with multi-mission capsbility.

The specific components of the Power Module are itemized in Table 1.2.3-12 along with

weights and cost.

The selected series regulator/battery charger is the ELMS charger modified to lower

the minimum input voltage allowed and the addition of eircuitry for independent charge
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SOLAR ARRAY
{(RIGID, HONEYCOMB
PANELS) OR FLEX

Fig. 1.3.3-2 Selected EPS Configuration

Pga 1.;3- 3-27
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GRUMMAN

TRADE STUDY REPORT

TITLE

following:

peculiarities

TRADE STUDY REPORT

1.3.3
RS NUMBE
1.7.320.7.3.7

o Lower weight and cost compared to the OAQ equipment

o Modular construction facilitatingrepair, maintenance, and optimization to migsion

o Use of 5 basic power regulator modules which are operated in parallel. The ﬁumber
of power regulator modules can be reduced to maintain optimum efficiency when

spacecraft power aﬁd redundancy requirements allow
© Current ;imiting protection of power regulator modules
@ Self~contained, solar afray meximum power tracker with dual-redundant electronics
o TFlexibility in sllowable input voltage range from 35 to 125 V.D,C,

TABLE 1.3.3-12 SELECTED EPS COMPONENTS

control of up to 3 batteries, This charger, which is manufactured by Gulton-Engineered

Magnetics Div, is depicted in Figure 1.3.3-3 and was selected on the basis of the

Recurring

Power Module Cost, $K Weight, 1b ‘
Battery 2-22 Cell, 20 AH 37 64 Modified NATO TIT
Battery Charger 55 ol Modified EIMS
Central Power Cont, Unit 50 23 New - Grumman
Signal Cond. Assy 25 10 .
Grd Chg Diode Assy (1) 5 7 New - Grumman
Bus Protect. Assy ic 5 New = Grumman
S/C Interface Assy 10 12 New - Grumman
Bus Assy (3) 2 Wew - Grumman
Connectors I b New - Grumman
Wiring & Misc 18 New - Grumman
Remote Decoder '
Tual Remote MUX 10 2 New
Power Module Total 206 171%
*Execludes weight of':

= Power Module Structural frame

- Battery heat sinks, and louvers
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TRADE STUDY REPORT

' TRADE STUDY REPORT
TITLE ADE

wBS NUMBER

“, ’ 1.71302/1-7‘3'7

CONTROL MODULE

FIGURE 1.2.3- 3
Selected Peek Pmurer Tracker and
Battery Charges (Modified ELMS- unit
manufactured by Gulton-EM )

POWFR REGULATOR MODULE
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TRADE STUDY REPORT

TRADE STUDY REPORT

1.3.3
WES NUMBER

B.7.3.2/1.7.3.7
The battery capacity option will be satisfied by two different capacity batteries;

TITLE

a 20 AH and 36 AH size cconfigured as single 22 cell batteries. The use of two capacity
batteries will minimize chenges to the basic power module components and result in a

mofe predictable load sharing between batteries,

For the 20 AH battery, the modified NATO III battery is selected strictly on the
basis of low weight and cost. However, since this battery is relatively new with a
limited amount of life data, a battery consisting of Gulton OAQ type cells will be re- -

tained as an alternative,

For the larger size batteries, either the modified 36 AH or L5 AH battery would be
cost effective; however, preferénce is given to the 36 AH size since the cell has flight

history and is less risky in its thermal design..

In order to implement the requirements for power disconnect of all power sources,
~current sensing provisions, battery and battery charger control functions and power dis-
tribution networks, a new Central Power Control Unit or distribution unit is included.
This unit provides a central point for accommodating mission peculiar solar array,

battery and load interfaces, and will feature modular desigh and construction.

The requirement for modular resupply requires speclsl connectors for the spacecraft/

module interfaces.

The F-14A weapons rail umbilicsl connectors which is depicted in Figure 1.3.3.4
meet or exceed all the key parameters and goals for EOS resupply requirements and will

be used as a standard discornect for all modules in a resupply configuration:
@ Currently being qualified for Fih4
® Cost approximately $1000 per mating pair

@ Weight of mating pairs varies between 1.1 and 2.23 lbs depending on model/insert

arrangement
© blind mate capability (0.150 inch maximum misalignment)
@ Anti«blind roll off shells

@ 1 inch axial movement of structure without affecting continuity, envirommental

seals or RFT continuity
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1,33
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L : - ' 1.7.3.2/1.7.3.7

FIGURE 1.3.3-4

BLIND .MATE UMBILICAL
F-1L-A WEAPONS RAIL

[}
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TRADE STUDY REPCRT

NO. 13.3

WBS NUMBER

1.7.3.2/1.7.3.7

o Connector meets NAS 1599 and WAS 1600 requirements

o Insert arrangements optional - includes coaxial contacts, over 100 contacts

available per insert
o 360-degree RFI continuity
o No lock disconnect mode - axial tension

The preferred solar array configuration for the basic EOS missions is where the
entire array is co-planer and mounted on one side of the spacecraft and is continuously
fotated about the spacecraft pifch axis, To allow for variation in the descending node
time of day (DNTD), a tip adjustment is provided which allows changing the angle formed by
the rotating shaft and the plane of the array. For the EOS DNTD range of 9:30 AM to 12
noon, . this angle will range frdm 0% at 12 noon to approximately h509

System aspects of selecting either a rigid or flexible, roll-up type array have not
conclusively established a preferred approach, therefore both types of array will be re-

tained as alternatives for EOS.

Since a multitude of EOS missions were being considered in parallel with the EPS
efforts, it was necessary to evaluate the solar array sizing on a genersl rather than

detailed basis,
Solar array size estimates were based upon the following:

o Power Module similar to GSFC demonstration model EPS, except PCU, PRU and Diode
Box were replaced by the ELMS battery charger

e An auxiliary (DET) array was not used
@ Peak loads exceeding the solar array power capability were not considered

© The gsolar array was rotating and oriented within 50 of normal incidence during
sunlight periods

¢ Solar array power degradation wes 12% which corresponds to the predicted degrada-
tion after 2 years in a 500 nm, 90° incline orbit. (nominal 1l mil thick, 2
chm-cm N-on =P silicon cell with 12 wil fused silica cover slides)

o Light/Dark ratic corresponding to a worst case 300nm/ncon~midnight orbit was

wsed. _ -
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TITLE ’ TRADE STUDY REPORT
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WBS NUMBER

________________ 1.7.3.2/1.7.3.7

Based upon the above, the solar array area required will be approximately + £t° for
each orbital averagerwatt of load, Variations in detailed design parameters and optimiz-
ing the system configuratidn/opération for & particular mission (é.g. using'an auxiliary
array) could result in a tolerance of this i fte/watt value of 10 to 15%.

Therefore for the ECS orbital average power requirements of 500 to 1000 watts, solar

array areas ranging from 125 to 250 ft2 will be required.

The prime candidate for solar array drive is the Bendix unit, This unit meets all
design considerations including low cost, continuous rotation, and adaptability to dther
| required modifications. The motor is a brushless DC torquer which exhibits high reli-
ability, low risk (no 1life limited components), lightweight, and proven space experience,
Particularly impressive with the candidate drive is the adaptability of the Bendix motor

and asseﬁbly to redundancy technigues for optimum reliability. In addition, available

torque is more than adequate to handle physically worst case array configurations.

Growth potential of the selected drive was consideréd With‘respect to redundancy

techniques and resupply.

Redundancy Technigques - The selected drive is adaptable for improved reliability by

utilizing several redundancy techniques, See Teble 1.3.3-13 for redundéncy impact.

TABLE 1.3.3-13 Redundancy Technigques

, o RELATTVE IMPACT
REDUNDANCY | DEVELOPMENT COST WETGHT
Electronics ‘ State-of-the-Art Minimal ~2 1bs
Dual Stator State-of-the-Art . Minimal <1l 1v
Windings C
Bearing : - MMA life testing will ‘ Minimal =~ <1 1b
W1th1n Bearlng will prove design- :
bearings are
State-of-the-art

Resupply - Since the selected drive system is classified as an MMA, the consideration
for replacement during a resupply mission configuration is logical. In this configuration,
the drive assembly is attached to a structural interface unit having electrical discon-

nects, Additional we ght 1s _estimated at approx, 6.0 1bs and hardware costs <$1000.
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D" 1.3.4 Propulsion
D 1.3.5.1 Orbit Adjust Subsystem (0AS)
D 1,3.4.1.1 Requiremenfs Definition
A number of requirements have & significant influencé on the design
of the orbit adjust subsystem (0AS). Size, configuration, functioh

and cost are impacted by the following:

0 Launch vehicle orbit injection errors
o Operstional altitude

o Modularity

The major influences on sizing the OAS are the launch vehicle orbit
injection errors, ' Table D l.S.h-l‘lists the
velocity and'position‘errors which result from the use of Titan

and Delta iaunbh vehicles, Tt should be

INJECTION TITAN ‘ DELTA

ERROR
Velocity, ft/sec | L2 28.6
Pogition, mm - 1.5 ' 15
Table D 1.3.4-1 Launch Vehicle Injection Errors . |

noted that the 1isted veloclty errors are the RSS values of the
injection velocity and inclination errors. The propellent require&
to correct these injection errors represents approximately 97%

of the total translational propellant on-board.the S/C, |

1.3.L4-1



The spacecrafts operational altitude affects the OAS design in

two ways. The first is the propellant required to perform the orbit keep
functiﬁn varies with altitude, increasing at the lower altitudes.
For the orbit selected for our 5/C the orbit keep propellant
represents 3% of the translational propellant

The second affect only beccmes a consideration when the operational
gltitude is in excess of = 400 mm. When the orbit exceeds #2400 nm
it becomes necessary to lncorporate kick stages to achieve the
desired orbit. This imposes requirements oﬁ the OAS to perform a
thrust vector control (TVC) Punction during the SEM burns and to
correct injection errors caused by SRM variability. Since the
orblt selected as a result of our studies is 366 nmm, this latter

requirement drops fram consideration for this configuration.

The requirement for modularity end petentially resupply results in the
QAS being installéd in a separate structure mounted to the aft
end of the 8/C. From a propulsion point of view, this is the
ideal location in that the thrusters are mounted to provide the
desired thrusting along the vehicle flight path. The:modular
approach also eliminates the need for fluid interfaces between
the main S/C structure and the thruster pods. Finally, the
modulaxr arrangement, pounted on the aft end of the S/Q agsures
that the maximum distance possible is attained between the
thrusters and the solar array and instrumente., thus, minimizing
the possibility of impingeﬁent or interaction with the thruster

exhausgt plume,

1.3.4-2



In general rocket plumes from such sources as OAS thruster exhaust,
.étc., can create some undesireable effects on véhicle/subsystems operations.
However, hecause or;thé aft locations pf the CAS units these effects are
likely to be non-existent for the suggested configurations. As an exa.-}nple |
consider the effect of the NH3 exhaust products from‘hydrazine burning s&s

& possible IR absorber. Ammonia is known to have a strong absorption band

in the region of the T bend 7 and could conceivably affect the quality
of‘the IR -imagery in this band if the gas density in the line of sight is
great enough. A quick 1ook.at this problem has indibated that the exhaust
gases should leave the ﬁidinity of the vehicle in 1 to 2 seconds and therefore

rresent no problem of thié'kind.

1.3.h-3



P T.34.1.2 Configuration Alternstes

Two alternatives, one using hydrazine (I, Hu) and the other
gaseous nitrogen (GNE), were considered to fulfill the OAS

function. The results of the trade study are shown in Table

D 13 .4-2
M Hy GNo Delta
System System (% Hy Vs. GNp)
Weight, Lb. _ 30.2 I70.3 - 140.1
cost, $K 148.0 121.0 + 27
' e et e R | -
Teble D 1.3.4-2 T Hy Vs, GNp Orblt Adjust Subsystem

While the GMp fueled system provides a less complex and lower cost OAS, it is a
much hesvier system. Since weight is a major consideration in the Delta 2910 s/C confi-
quration, the lighter weight Np H, system was selected. It should be noted that the |
weights showm sbove include only component and propellant weights. The stTuctural
weight penaltyassocisted with the GN, system is not included.

D 1,3.4.1.3 Selected Configuration

The selected orbit adjust subsystem is a hydrazime fueled system utilizing four
S 1B thrustersand operating in a blow-down mode. The equipment is mounted in a module
mounted on the aft end of the S§/C, see Figure D1.1.1-15 . ‘

A single thread, non-redundant subsystem, shown schematically in Figure D 1.3.k.1
has been selected for the nrbit adjust subsystem. The No Hy tank design is a 9.4 in
diameter, 420cu.initank previcusly used on the AEROS program. Positive expulsion of the
10 1b of No Hy in each tank is provided by an AFE-332 disphragm. The system operates in a
blowdown mode starting at ~ 400 psi snd endingpt 130 psi. The filter and latching solenoid
valve designs have been used on Intelsat IV; the fill discommect designs are from the
Viking program. The 5 1b. thruster design has flown on ATS-~C, IDCPS/A and NATOSAT
satellites and has been qualified for Skynet II, CTS and the NRL Multiple Satellite
Dispenser (MSD). The thrust level is nominally 5 1b. However, with the tank pressure
prof fle described above, the range of thrust level is 5.5 1b. down to 2.6 1b, see Pigure
D 1.3.4-2,

Adding redundancy to the subsystem to provide failesafe operation

requires the eddition of two latching solenoid valves and a second solenoid/

geat assembly to each of the thurster valves, see Figure D 1. 3.4-3 A total weight inerease
of 3,22 1b. with a corresponding increase in cost of $11K provides fall-safe redundancy

The selected orbit adjust subsystem provides the flexibility to accomodate vehicle
growth or mission changes. The two tanks used are capable of storing an additional 3 1b.

1.3.4-4
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of Np Hy. The structurel arrangement of the OAS module is such that is is also

possible to mount and connect two additionsl tanks into the system, Thus, & total
increase in propellant weight of26 1b. can be provided. It is well within the capability
of the thruster design to bufn this additional propellant. Assuming that on the average

2 of the U thrusters are firing, the thruster firing time is increased by slightly .less’
than 600.- seconds. : |

1.3.4-6



D 1.3, 4.2  Reaction Control Subsystem (RCS)

D 1.3.4.2.1 Requirements Definition |
The requirements having significant influencé on the design of the
reaction control subsystem (RCS) are: | '
o Vehicle stabilization and restabilizatron
o Wheel desaturation
o Spabecraft'mndular/étructural arrangement .

Fach of these impact the size, configuratioﬁ and cost of the RCS.

As can be seen fram Table D 1.3.4-3 vehicle stabilization and restabiii-
zetion have a emall impact on the total propellent loading. However, the
need for vehicle stabilization initially and during injection error fir-
ings establishes the 1.0 Ib thrust level. The burn times using smaller

thrusters (e.g., 0.1 1b thrusters) would be excessive.

The greatest impact oﬁ propellant losding results fram the need to
provide some of the reaction wheel desaturation with reaétion Jjets.
Wheel desaturation requires 5,73% of the rotational propellant The
quantity of wheel desgturation prcpellant ie based on performing 20%
of the total desaturation using reaction jets.

The requirement for very
low. impulse bits for desaturation established the need for low thrust
level thrusters on the order of 0.05 to 0.1 1b of thrust. Analysis
showed that the minimm impulse bit (MIB) capability of existing 0.1
1b thrusters (0.002 1b-sec) 1s acceptable for wheel desa,tura.tioﬁ.

The 0.1 1b thruster was, therefore, selected.

1.3.4-7



Table D.1.3.4-3 Mission Impulse Requirements

impulse {Lb-Sac)
Translation Rotatian

RISSION

PHASE X Y & R P Y

Initisl Sesbilization 7 14 14

Correct njection Ersor 4070

Coﬁamﬂ During Correction

For Injsction Error - 0.5 21 21

Sephitize Afer Solar

Array Deployment ] 2 2

Orbit Keep 140

Gravity-Gradient, Jets 105 236 0

) Totals 4210 113.5% 273 37

Contingency 10% 421 11 27 4

Overal] Totals 4634 725 300 4%
| Totat 5087

1.3.4-8




As is the case with the 0AS, the requirement for'modulafityw

- results in the RCS being installed in a separate structure mounted to

the aft end of the S/C. The module provides the meané-of easily orienting
the thrusters to provide piteh, yaw and roll control. waé#er, because
the module is on the, aft end of the vehicle, pitch and yaw firings result
in emall translational movements of the vehicle in addibion to the |
desired rotation. The question of the acceptability of these transldtions
will be addfessed’in the "Coupled vs Uncoupled.Pneumaticsﬂr(RCS) study

to be performed during the latter ﬁart of our study.

Matching the propulsidn module, which desires to'have the thrusters
scting along orthogonal axes; to the triangular sheped main S/C structure
presents problems in providing suff101ent mnment arms for the thrusters.

The result is & modnle gtructure 1ncorporating outriggers as shown in

e S —

Figure D1.1.1-13. As can also be seen, the thruster pods are set at S
to the vehicle Y-Z2 &xes. However, the mounting of the thrusters W1th1n

the pods is such that the desirgd orthogonal arrangement is malntained.

1. 37.!4-9



D 1.3.4.2.2 configuration Alternates
Two alternatives were considered to fulfill the reaction control
(pneumsatics) subsystem @CS} function. The first of these shown
schematically in Figure D 1,3.4-Y4 assumed the use of GN2 as the
propellant. The GN2 system is a simple design carrying 11.8 lb.
of GN2 with the capabilify to provide initial stabilization and
restabilization of the vehicle as well as its allotted wheel
desaturation reqguirement. The logical alternativé to uging GN2
was the use of hydrazine as the propellant. Since the vehlcle is
already carrying a hydweine fueled OAS, it follows that combining
the reaction control subsystem with the O0AS should be considered.
The all Ng Hh reaction control/orbit adjust subsystem is shown in
Figure D.1. 3.U4-5.

In order to make ~ an equal - comparison, the combined

subsystem weights and costs were compared to

GN,., reaction control and N, H
Cl%e li‘esults of the trade study are shown in Table

the all No H), sub_syste-m.

D 1.3.4-4
Couwbined GN_/N.H All N H Delta
2/ 2 2k (Combined Vs. All NEHu)
Weight, 1b. 78.2 Lo.2 . = 38
Cost, $K 310.4 336.4 4+ 26

Table D 1.3.4-4 GN, Vs N, H, Reaction Control Subsystem

On an individual basis it appears that the GN2 reaction control
system is lower in complexity &s well as in cost. However, when

the total propulsion module is considered tle N2 Hh_ reaction

1.3.4k-10
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control/orbit adjuét subsystem is the least complex system, The number

of tanks is reduced because the 0AS tanks are off—loaded‘&nd have
sufficient volume to absorb the RCS propellant (ns3 1b), thus, the

GNy tank is eliminated. The GNo regulatqr is alsgo eliminated. Another
consideration is a reduction in safety hazard. The 3500 psi GN, operating
pressure is eliminated. The No Hy system operates étgﬁ&DO pei. The final
consideration in the selection of the RCS is the reduction in total program
costs which results from the development of a single RCS/0AS design. The
reduction in design engineering manhours alone reduces the delta-cost
betwéen the two systems by $40K. Further savings in procurement, testing,
assembly and check-out costs estimated to be $U46K are realized from the use
of a single design. Including these latter cosdiderations and their associat-
ed cost reductions in the overﬁll assessment of the resction control sub-
system led to the selection of the N, H4 fueled RCS/OAS.

D 1.3.4.2.3 Selected Configuration

The selected reaction control subsystem is & hydrazine fueled system which
is combined with the orbit adjust subsystem. Common tankage is manifolded
to 0.1 and 1.0 1b thrusters as well as the 5 1b. OAS thrusters. As stated
ebove, the subsystem operates in & blowndown mode. The equipment is installed
in a module mounted on the aft end of the S/C, see Figure D1.1.1-15.

A single thresad, minimum redundency subsystem, shown schematically in Pigure
D 1.3.4-5, has been selected for the combined reaction control/orbit adjust

subsystems, The majority of the components selected have been described sbove,

1.3.4-12



The 0.1 1b thruster~is currently being qualified for
F1t SatCaom. The 1.0 1b. thruster has béen flown on Pioneer 10
and 11 and is being requalified for FltgatCom. . Over the blowdown
range of pressurés the 0,1 1b, thruéter has 8 thrust level.rahge
of 0.14 dcwﬁ to(LQM ib, see Figure 'D1.3 .4-6. The 1.0 1b thruster
range is lel to ;O‘§3:lb} see Figure D 1.3.4-7.
. The subsystem selcéted.has & minimum of redundancy; Referring
to‘Figﬁre D 1.3.h-5 it can.be seen that the failure of & thruster
“in the an positianlcan be Sustéined and the S/C can still be operated
in a degraded mude. The failed-on thruster 18 shut-off wifh the
latching solenoid velve. The reﬁaining propellanf in the assbeiated
tank can bé used by opening the interconneét valve. The extent of
degraded operafian must be defined in the EOS preliminary design
phase. As'a minimum, thé S/C can be operated in a survival mode

until Shuttle retrieval or resupply is -performed.Further redundancy

to provide fail-safe operation can be added to the subsystem for ~
minimal weight and cost. The addition of a second éross-over
manifold and & second solenoid/seat assembly to each of the thruster
valves; see Figure ﬁ 1.3.4-8, provides fail-safe operatidn. A
total weight increase of L.k 1b ﬁith & corresponding_incfease
in cost of $20K provides fail-safe redundancy. '
The sélected reaction conﬁfol/orbit adjusf subsystém‘proviQes the flexibility to
acéommodate vehicle growth or mission changes. .

| | The
structural &rr&ngeméﬁt of the RCS/0AS module is such that it
is ~ possible to mount and cﬁﬁnect two additional tahks into

the system. Thus, a total increase in propellant weight of 23 1b

1.3.4-13
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can be provided. It is_&ell within the capability of tﬁe thruster
designs to burn the additional propellant. Table D 1.3.4-3

shows that 80% of the total impulse (i.e. burned propeila.nt) is
supplied by the 5.6 1b thrusters. Assﬁming.that oﬁ the aversage

2 of the 4 thrusters are firing, the 5 1b thruster burn time is
increased by less than 500 seconds. Assuming the remainder of
the propellant is split equally between the 0.1 and 1.0 1b

' thrusters and that only 4 of each out of 8 bﬁrn at any one time

- their burn times _are-in-creaéed#so and A8 se'c.:onds respectively.

1.3.k-15



D 1.3.4.3 Orbit Transfer Subsystem

D 1. 3.4.3.1Requirements Definition
The Shuttle paylcoad capability as defined by NASA, JSC establishes. the
requirement for an orbit transfer subsyﬁtem (OT8) or kick stage when
the operational orbif exceedslﬁézhoo mm. Our studies selected an
'operatiomal altitude of 366 mm eliminsting the need for the OTS. How-
ever, two trade studies were conducted and the results are reported

below.

D 1.3.4.3.2Configursvion Alternates
The primary means of providing orbit transfer capsbility is the use
of solid rocket motors (SRM) as defined in the GSFC EOS System Concept
Study (part of the RFP documentstion). The alternatives studied were
the orbit adjust subsystem using 75 1b thrusters (4) and a bipropel-
lant system based on the Shuttle orbit meneuvering subsystem (OMS).
For each case, it was assumed that the Shuttle would operate in s 300

mm orbit with the EOS being transferred 4o and from a 493 mm orbit.,

As stated above, the use of the OAS for orbit transfer required the
replacement of the 5 1b with 75 1lb thrusters. In gddition, because
of the much higher propellant load required, the two 9.4 inch tanks
are replaced by three 22 inch tanks. With the exception of the 3
tanks the subsystem is schematically identical to the OAS/RCS showm
in Figure D 1.3.4-5. Here again, in order to obtain an equal

comparison, the combined SRM/OAS weight and costs were compared

1.3.4-16



to the a1l N, K system,. The results of the trade are shown in

Table D 1.3.4-5,

- COMBINED SRM/OAS ALL N, H, DELTA
S (COMBINED ve ALL X, h)
Weight, 1b L05,6 Lol .6 +59
Cost, $K 2;283_ 1,977 -306

Table D 1.3.k-5,

SRM vs N Hh Orbit Tra.nsfer Subsystem

Tt should be noted that the above costs are based on a four vehicle/four
flight program.

tial becomes exbremély large.

" The use of & bipropellant orbit transfer subsystem appears to be viable

only for the larger EOS spacecraft being studieid; vehicles which require

exceeds $1M, see Figure D 13..4-9.

‘Az the number of flights incremses, the cost differen-

At 12 flights, the cost differential

orbit transfer stages such as the Boeing Burner II type design. This

study assumed the use of the SVM-2 motors called for in the Boeing

degsign. A 'blpropella.nt system using N Oh and MMH and smed to the.

same total impulse as the 4 SVM-2's was assumed.
schematica.liy in Figure D 1.3.%-10.

was also assumed.

1.3.4-17

A four vehicle/four flight. program

The system is shown

The results are shown in Table D 1.3.L4-6.
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. SRM's BIPROPELLANT | DELTA

Weight, Lb - 1%00.0 h77.1 47
Cost, $K 1,247 2,705 - + 1,458
~ Table D 1.3.4-6, = SRM vs Bipropellant Orbit Transfer SubSystem

At first glance, tﬁerbipropellént syatem apéearé to be-a poor
choice. However,, this system uses Shuttle hardwsre which is
designed to operate for 100 missions. It is, therefore, capable

of operating over the full liféetime of the EOS. Figure D i.3uh-1l
shows that a cfoss-bver point occurs in total program éosts at the

10-11 flight point in the program.

D 1.3.4.3.3 ,Selecteci Configurations

The results of the Nérﬂﬁ fueled OTS study reflects a coét savings of

$306K at.a welight penalty of 59 1b. Should later studiesrshow opera-
tion at altitudes above 40O mn are required, the Ny H, OTS should be

cbnsidered for Delta or welght constrainéd Titan ITI Bspacecraft

designs,

The results of the bipropellant fueled OTS study shows the systenm
to be too costly for programs with less than 11 flights. For Titan
III B spacecraft designs with more than 11 flights, the bipropellant

system is a viable though more complex approach to the OTS design.

1.3.4-19
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D 13.4.% Candidate Hardware
The hardware (components) considered for incorporation into the
subsystems discussed above are listed in Teble D 1.3.4-7. The selected

components used in our trade studies have been marked with'a&ff

1.3.4-21
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“min/max environment heat fluxes were used for each module (see section 1.2.3),

I .
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1.3.5 Subsystem Thermal Contrgl

1,3.5.1. Summary

The thermsl evaluation of the subsystems was based on & modular configuration.

Two module configuratlons were cqnsidered'fdr the Delta triasngular arrangement and &

square configuration was conside$ed for a Titan arrangement.

Evaluations vwere conductéd for the Land Resources Mission. Worst éase

An altitude range of 300 nm to 500 nm-&nd DNTD range of 9:30a.m. to 12:00 Noon‘waé‘
used &s ﬁhe basis for determing the worst case heat fluxes. Where applicable, heat
input from the solar afray wag aisb included.‘ |

Up to this point in tﬁe sﬁudy the subsystems were treated on a cost/cép-
ability trade-off basis. The matrix of black box combinations within a subsystem
has mede it'virtuﬁlly impossiﬁle.to evolve a load analysis of méaningful‘valﬁe. In
addition, modﬁle layouts have not been geperﬁtgd.‘ Therefore the qhaiysis of the
modules could only be coﬁsidered on a lumped parameter, parametric basis. The ability
to reject heat was studied as a function of alternate thérmai options for eacﬁ loca~
tion. This techpnique established module location and feagibility of passive control,
supplemenfed with heater‘power-during ;ow power dissipating ﬁodes. | |

Section. 1.2.2. showed the cost per watt c&ﬁ vary between .75K and l.TSK,
dependlng on the array selected The savings in module accéptahce test costs resuit-
ing from & narrow operating temperature range (+ 10 F ve. % 50 F) ca.n be as much 8s 16K.
The fundamental pa531ve design cost trade off is therefore the 1mpact of equlpment
cperating temperature range on power subsystem and test costs, The cost of active

control to reduce heater power{ if &true penalty)must then be considered.  These trade-
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offs are used to achieve the design-to-cost targets.
1.3.5.2 Module Thermel Evaluation Genersl

The configurations evalusted are shown in Fig. 1.2-1,and have been designated
Delta 1, Delta 2, and Titan. Delta 1 ig the selected module configuration and |
Delte 2 wes an alternate arrgngement which was considered.

The modules were assumed to have a heat sink effective radiating area equal
to.lS,G ftoao The other fiveisurfaces of each module were insulatéd° The moduies
and structure were considered to be at the.same ﬁemperature (consistent with the
module support structure evaluation).

Figures 1.3.5=1 t0 1.3.5-16 presents the heat rejection capebility of each

moduie considered for hot and cold cases as a function of beta(ﬁ}q The term bets

is the radiation coupling between the module heat sink and space and encompasses all
possible thermal design approaches, including module heat sink emittance presence or
absence of skins, and insertion of louvers or heat pipes. A value of beta equal to
40 is indicative of an all-black heat sink, skin-on design. A beta value of .80
represents an all black heat sink with no skin. Table 1.3.5-] summarizes the hot
case heat rejection cegpahility for all module locations.

The determination of subsysﬁem heater power penalty is not as straight forward
a8 with the structure. A system'qpp;oach must be used to evaluate true heater
power penalties. The power subsystem must be sized to provide power for the other
subsystems. Heater power should not be considered g penalfy as long as the total
of power dissipation and heater power dogs not exceed the total power used for
sizing the power subsystem. The design of the power subsystem will determine whether

the power‘dissipation of this subsystem varies

| +~
PREPARED BY GROUP NUWMBER & NAKME ODATE CHANGE
' LETTER

REVISION DATE

APPROVED BY
ED B2 PAGE oF

*GAcC 3711 1.3_5_2

3=72




GRUMMANM - N ol - e

5" TRADE STUDY REPORT

TITLE

NO.

SUBSYSTEM THERMAL CONTROL ' wasnumsan

directly of inversely with total éystem pcwar‘i If the power dissipation varied
inversely with total system power a hesater powei penalty mdy.result. With the
abovg heater power philosophy &s & basis, passive techniques in most cases will
yield acceptsble designs. |

1.3.5.3 EPS Module

......

The EPS modules have been 1ocated on the Delta ‘and Titan conflgurations to
provide gocd heat rejection capability. For the Delta l conflguration, the hot case
maximum heat rejection at TO°F is 170 watts (10.9 watts/ft ) for a skin-on type de-
sign and 340 watts (21, 8 watts/ft ) with no skin. The Delta 2 configuration h&s a
slightly higher hot case heat rejection capability, however a larger variation in
heat rejection from the hot to cold case results in heater powe& pénalties. There-
fore the Delta 1 cbnfiguration has'béen selected. The Titan 1ocati5n provides the

maximum heat rejection for that configuration of modules., The hot and cold case

heat rejection capabilities are shown in Figures ; 3.5-1,2, 7 8'13 and 14
. ’ " ' ’

“end the meximm hot case heat rejection at 70°F is given in Table) 3 s5.3. All hot -

'and cold cases include effects of orbital heat fluxes and theroﬁphysical property
changes. - | | | |
On a total module b531s maintaining 70 °F + 20 F yields a heat reJection

retio of 1.36 {for Delta 1, hot to cold case, skin-on design). ~As long as the

poﬁer dissipétion variation doés not exceed this ratio, no heater power is required.

The battery area of the module must be sized to.acccﬁmodate 50 watts
at 50°F and 25 watts at 30°F. A split heat sink will be considered to separate
the batteries. The Delta 1 configuration at 50°F has & heat rejection capability

of 8.3 wat'ts/ft2 (skin-on) to 16.6 wa‘bts/f‘t2 (skin-off). - A skin-on design
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therefore requires 6uFT2 of heat sink to reject-the hegt. The cold case heat
rejection at 30°F (skin-on) is 7.6 watts/fte, A 6°FT2 heat sink would reject

L 6 watts, thereby ceusing 21 watts of heater power.. A skin-off design causes
even larger heater POWET . Thus, from both packeging and heater power
viewpoints, the usé of active control, in the form of veriable conductance

heat pipes, is the most faﬁorable cost effective solution. Heat rejection capa-
vility approsching that of a Skin—off‘designris achieved, heater power is
reduced, and opersating temperature range is reduced.

1.3.5.4 ACSModule‘ | |

The ACS module heat rejection capabilities are given in Figures ] 3,5-3,1.3

1.3.5-9, 1.3.5-10 . The Delta 1 and Titan are the same locstion providing good

heat rejection and & favorableanti-earfh location for the subsystem. The Delta 2
cénfiguration gives a@proximaiely 28% less heat rejection capability. Prelim-
inary pcwér dissipation inforﬁamion jndicstes that a passive technique can be

used to schieve a narrower operating temperature range of TOOF'i 10°F to TOOF_i20°F
with no true hester power penalties.

1.3.5.5  C&DH Module

The C&DH module hest rejection capabilitiesare given in Figuwres],3.5-5

1.3.5-6, 11, 12, 15 & 16. Based upon lower anticipated heat rejection requirements

this module has been located on the solar array side of the structure for each
configuration. The heat réjection cepabilities for each Delta configuration are
gppraxﬁmétely thé same, therefore.the Delte 1 configuration was selected. Passive
techniques will be sufficient fpr maintaining & narrow operating temperature

range (i.e., TOOF + EOOF) with no significant = true hewter power penalties
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heat flux from the solar array.

at TODF for a skin-on design.

as ACS Delta 2 location).

4

1.3.5.6 Future Bfforts
The next phase of
With a load analyses,
trade-off can be made

developed.

at 90 ¥ equals the heat reJection at 50 F.

There is v1rtually no heat rejection capability

4

This can be seen on FPigure 1.3.5-5 and 1.3.5-6 where the heat rejection capability

The heat rejection of the Tltan modile is severely limited by the

Several alternatives are svailable including

the alternatives will be evaluated and traded agalnst egch. other.

l) removal of the skin and using & stable coatlng, 2) selecting s higher operating

temperature or 3) locating the module on the earth facing 81de (Fig.1.3.5,95ame

When the 1oad requirements have been estgblished,

» the study will concentrate on & more detailed evaluation.
module layouts and refined flex1ble arrey costs, the flnal

to achieve the de51gn -to-cost targets and design details
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TABIE 1.3.5-1

SUMMARY OF SUBSYSTEM MODULE HOT CASE

MAXTMUM HEAT REJECTION CAPABILITY AT 70°F

o

(2) ' Heat sink emittance

(3) Heat sink emittance

= ,76, solar absortance

= ,80, solar absortance

MODULE SKTN ON WATTS (1) SKIN OFF  WATTS (2)
EPS Delta 1 170 ‘3!+o
EPS Deltas 2 200 Loo
EPS TITAN 200 Loo
ACS Deltsl 180 360
ACS Delta 2 130 260
ACS Titen 180 360
C&DH Delta 1 90 180
C&DH Delta 2 110 220
C&DH Titan 2 90% (3)
C&DH Tifan(alt) 110 220
{1) Heat sink emittance = .89 ski;_interio;_emiftance'= .89, skin
external emittance = .76 skin external absortance = .18

.18 except when noted

12
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APPENDIX D 1.4.1

1.4.1 WTDEBAND DATA HANDLING AND COMPACTION
l.4.1,1 INTRODUCTION

The function of the S/C wideband data handling and compaction subsystem is to
comrert format, multiplex and select multichacnel analog video data from multispectral

scanning fostruments and produce serial digital NRZ data streams at suitable rates
for transmission to primary and low cost ground stations via radio links.

Figure 1.4.1-1 depicts the overall data handling subsystem block dlagram The
functions shown within the dotted lines are the data handling subsystem functions

. required to handle the baseline instrument payloads and include appropriate command-

able switching functions to apply otuput data to WBVTR/TDRS, QPSK modulator or

‘BPSK modulators. The data handling subsystem will have appropriate interfaces vﬁth‘
~ the instruments, S/C prime power, 5/C on-board computer, the WBVTR/TDRS option'
) function and the direct primary ground statiqn' or LCGS radio link modulation functions.

In additiq'n, an auxilary lpw data rate interface is envisioned to handle appropriate

low rate S/C telemetry and /or PMMR inst—'ment data to the extent that it can be
inserted during available TM overhead format time. A speed buffer function is
included to provide for a partial scene data compaction option for either TM or HRPI,
In general the output rates from either TM or HRPI data hﬁndling units will be con-
strained tb be equal at a value R megabits per second. Similarly the compaciéd rates
from either instrument will be constrained to some convenient rate R/a megabits per
second. Due to the h.igh rate (R) and the probable physical separahon of units from '
the QPSK modulator, in-phase {I) and qua.drature (Q), retiming functions are included

- to properly condition the NRZ s1gnals for QPSK modulation. The symhetic aperture o

radar (SAR) sx.gnals will also be coustrained in rate to equal value R to provide com-
patlbility and commonality of modulauon equipment. Subsequent paragraphs will treat
the exdct alternative approaches to dwiding and modulanzing the clrcuitry.

1.4.1-1
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Y 41, 2 ALTERNATIVE SUBSYSTEM CONFIGURA‘I'I(WS

There are several factors contnbuting to the conﬁguratxon determmation of the
data handling and data compaction subsystem. These are listed as follows

i. Instrument manufacturer's desire for a digital interface.
2, Maguitude of the digital rate at the instrument iﬁterfaée (if digital).

'8, Size of the electronics package that can be placed inside or in external
" poutact with the instrument. ' '

4 Cousideration for multiple tnstrument data handling function requiring
modular f.lexibﬂity.

§. Consideration for multiple instrument data compaction where only o.ne-
- compacted instrument output can be selected and sent at one time. .

8., Presence or absence of h:lgh capadtj(speed- buffering in the data
compaction functions, '

Figure 2-2 portrays the single instrument data handling and compacﬁon function
~ alternative that could be considered for EOS. Fig, 1.4.1-2(a) shows an analog interface _
{roultiple bands and multiple detectors per band) feeding a data multiplexer, 